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SITE FORMATION PROCESSES AT THREE VIKING AGE FARM MIDDENS  
IN SKAGAFJÖRÐUR, ICELAND 
ALICIA HART SAWYER 
ABSTRACT 
 
Archaeological sites are not static records of the past. They exist within a dynamic 
environment, and, as part of this environment, they undergo changes upon deposition. In 
order to make confident interpretations of past human behavior based on patterns 
observed in the archaeological record, it is first necessary to determine if these patterns 
were produced by human behavior or if they are the result of geogenic or biogenic 
process following burial. This investigation of site formation processes of farm middens 
at three Viking Age farms (Reynistaður, Stóra-Seyla and Syðra Skörðugil) in 
Skagafjörður, Northern Iceland, uses micromorphological analysis of thin sections to 
discern between cultural and natural processes which have contributed to the formation 
and preservation of the middens. My interpretations of the depositional and post-
depositional processes of these three middens is based on micromorphological analysis of 
thin sections of 11 resin-impregnated intact sediment samples. 
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1. INTRODUCTION 
Iceland is the last major previously uninhabited landmass to be permanently 
settled by humans. Archaeological evidence, combined with written histories, provide a 
constrained timeline for the initial peopling of Iceland. The Settlement period known as 
the Landnám (land-taking) began around 870 AD and lasted until about 930 AD, when 
all lands had been claimed. Though dates for the Landnám are generally agreed upon, the 
processes of settlement, land-claiming, and land division once all lands had been claimed, 
are still subject to debate. One point is clear from the archaeological record: there was an 
early and widespread human impact on the environment as a result of the settlement 
process in Iceland (Vésteinsson, McGovern, & Keller, 2002).  
The focus of this investigation is geoarchaeological in nature, specifically 
applying micromorphology to assess the site formation processes associated with Viking 
Age farm middens. My work was carried out as part of the Skagafjörður Archaeological 
Settlement Survey (SASS) through the University of Massachusetts, Boston. SASS is an 
ongoing project, started in 2001, that investigates Viking Age settlement patterns in the 
Langholt region of Skagafjörður, Northern Iceland (Steinberg, Bolender, & Damiata, 
2016). Since its beginning, SASS has documented the process of land claim, farmstead 
division, and the first appearance of subordinate farmsteads in the late 9th through 11th 
centuries (Bolender, Steinberg, & Durrenberger, 2008). One of the main objectives of 
SASS is to go beyond a simple understanding of the settlement of Iceland by exploring 
how the relatively stable chiefly society of the Viking Age transitioned into the manorial 
state society of the medieval period.  
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The SASS project includes 22 farms in and around the Langholt region of 
Skagafjörður. These farms have been systematically identified, dated, and characterized 
on the basis of size, age, and location. The research presented here comes from three of 
these 22 farm sites: Reynistaður, Stóra-Seyla, and Syðra Skörðugil. Reynistaður and 
Stóra-Seyla are both Settlement Age farms (landnámsbær) dating from the initial 
settlement of Iceland, between 870 and 930 AD. Syðra Skörðugil is a younger farm, 
established after 930 AD.  
The archaeological record in Iceland is dominated by open-air sites and landscape 
features: middens, collapsed turf structures, cemeteries, and agricultural land 
modifications. The artifacts left behind by early Icelanders are predominantly organic 
materials, which tend to be poorly preserved in the archaeological record. This situation 
has left archaeologists with a dearth of artifacts of Icelandic culture in the archaeological 
record. Geoarchaeology and micromorphology are particularly well suited for regions 
like Iceland, where interpretations of past human behavior must be made almost 
exclusively from landscape features and associated deposits. The work done by SASS 
uses different landscape features as proxies for economic status at Icelandic farmsteads. 
Because their work is derived from landscape information rather than material objects 
representing wealth and status, the completeness of the archaeological record becomes 
even more important.  
A midden could provide an important indication of the rate of agricultural 
production based on the size of the midden and duration of use, or status based on the 
composition of the midden fill (i.e., more animal bones as a measure of high quality 
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protein consumption). However, if much of the midden fill has been lost, or if bone was 
poorly preserved because of certain environmental and chemical conditions, then 
interpretations of status based only on what the naked eye can observe today are no 
longer accurate. It cannot be assumed that archaeological sites are pristine records that 
have not changed from the time they were forming until the present. At open-air sites in 
particular, it is important to use geoarchaeology to evaluate the integrity of the sites under 
investigation in terms of their distribution on the landscape, and the integrity of the 
features, deposits, and artifacts contained within. In other words, we need to fully 
document their context at a variety of scales, from regional, to micro. 
Site formation processes begin when artifacts are still in their systemic context 
(artifacts participating in a behavioral system) and continues through their archaeological 
context (Schiffer, 1972). Site formation processes encompass: where sediment comes 
from, how it was transported and deposited, and how it has been altered since deposition. 
Analysis of site formation processes allows archaeologists to differentiate the effects of 
anthropogenic and natural processes on archaeological assemblages, which impact the 
formation and preservation of the archaeological record (Aldeias, Goldberg, Dibble, & 
El-Hajraoui, 2014). Only by clearly understanding the development of archaeological 
sites and the processes that have caused post-depositional alteration can higher level 
hypotheses be evaluated and then tested (Wood & Johnson, 1978). 
The goal of this study is to answer key questions about the depositional history of 
middens in Langholt, in order to develop a better understanding of the archaeological 
record in this region and its representativeness of past human behavior. An important 
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contribution to our understanding of archaeological sites is provided through 
geoarchaeological and micromorphological investigation, the identification of both 
chemical and physical post-depositional alteration, and its impact on the completeness of 
the archaeological record. Within the context of this investigation of farm middens in 
Skagafjörður, physical processes including wind deflation, fluvial deposition and erosion 
(changing river channels), and chemical alteration that have contributed to loss of midden 
material (and overall volume) are closely examined. This approach is adopted to identify 
gaps in the data and to strengthen the results of previous archaeological work carried out 
in the region that uses midden volumetrics and farm mound aerial extent as proxies of 
wealth, status, and overall farm success (Catlin, 2011; Johnson, 2015). The assumption 
behind using mound aerial extent as a proxy, is that a large mound is indicative of a farm 
that would have supported a large population requiring high rates of food production 
(Catlin, 2011). The theory behind using landscape features like middens, mound size and 
site size to infer wealth and productivity based on accumulation research is sound and has 
a long history in archaeology (Schiffer, 1975; Stein, Deo, & Phillips, 2003; Varien & 
Ortman, 2005). However, with the development of the field of geoarchaeology and 
methods like micromorphology, which provide a higher level of resolution to understand 
the processes influencing deposition, accumulation and preservation, gross measurements 
should no longer be taken at face value.  
This geoarchaeological study of Icelandic farm middens moves among multiple 
scales of investigation in order to develop an inclusive history of site formation 
processes. These sites will be described at regional levels to identify macro-scale 
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environments, mesoscale environments down to the microscopic scale through 
micromorphology. Geoarchaeology and micromorphology have only recently been 
applied to Icelandic archaeology, beginning with Simpson, Milek, and Guðmunðsson 
(1999) and their work at the Great Pit at Hofstaðir. However, since then, 
micromorphology has been utilized increasingly in Icelandic archaeology (see Brown et 
al. (2012); Milek (2012a); Milek and French (2007); Milek and Roberts (2013); Simpson 
et al. (2002); Simpson, Dugmore, Thomson, and Vésteinsson (2001); Simpson et al. 
(1999); Simpson, Vésteinsson, Adderley, and McGovern (2003); Sveinbjarnardóttir et al. 
(2007)). The majority of these investigations, however, deal with household archaeology 
or environmental changes on a regional scale. Open-air sites in Iceland have been largely 
neglected; this investigation attempts to fill in the data gap between household scale and 
regional scale Icelandic archaeology.  
This study will use new information and samples collected during the summer 
2014 field season, as well as using the large amounts of data that have been collected 
over the 12 year history of the SASS. The main questions I will attempt to answer are: 1) 
What is being preserved in this area and why? 2) Are there any spatiotemporal data gaps? 
3) Does the archaeological record represent the mounds and associated middens in their 
systemic context?  
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2. BACKGROUND 
 Information from previous archaeological work in Iceland and a knowledge of 
Icelandic history and culture overtime begins to create a framework for understanding the 
site formation processes of the farm middens at Reynistaður, Stóra-Seyla, and Syðra 
Skörðugil. A key to site formation processes is reconstructing the complete history of 
sedimentary deposits; as middens are secondary refuse deposits, the composition of the 
fill should at least in part reflect the resources utilized at the time of deposition. This 
section outlines resource exploitation at different points in time which in turn allows us to 
compare the materials identified in thin section with overall patterns observed elsewhere 
in Iceland. 
The majority of archaeological work in Iceland has focused on Settlement Period. 
Iceland was first colonized during the Viking period between 750 and 1100 AD, the age 
of Norse expansion throughout Europe and the North Atlantic. In Iceland, the period of 
settlement is known as the Landnám (land-taking), which lasted from 870 – 930 AD. The 
first settlers came from areas with chiefly political organizations and an economy based 
on domesticated animals, some cereal farming, and opportunistic exploitation of wild 
resources (Amorosi, Buckland, Dugmore, Ingimundarson, & McGovern, 1997). The 
landnámsmen imported these cultural systems to Iceland. It may seem that this cultural 
transmission would have been fairly fluid and successful, as settlers’ political 
organizations and economies had developed under similarly harsh environments. The 
Scandinavian homelands of the landnámsmen were far north and had evolved to face the 
challenges of short summer growing seasons and long, dark winters in regions with 
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limited access to arable lands. In Iceland, however, the first settlers were faced with new 
environmental conditions that included poorly developed soils with a predisposition to 
erosion, as well as isolation from the trading centers of mainland Europe. Over time, their 
imported agricultural and cultural practices changed and reflected the Icelanders’ 
adaptation to their new homeland. The archaeological and environmental records also 
show the often detrimental and irreversible impact that the Icelanders had on their 
environment. 
The colonization of Iceland is a unique event in that it took place relatively 
recently; however, the Landnám is a prehistoric event, as Scandinavia and the 
Landnámsmen did not have a system of writing during Iceland’s settlement. All written 
histories of the Landnám post-date the event itself by at least 300 years. Accounts of the 
settlement of Iceland can be found in three works: the Book of Icelanders (Íslendingabók) 
written by Ari hin fróði (the Wise) Þorgilsson in the mid-12th century, The Book of 
Settlements (Landnámabók), and the ‘Sagas of the Icelanders,’ a collection of religious, 
fictional and historical works focusing on the early history of Iceland. Íslendingabók is a 
fairly concise record of the major historic events from the Landnám to the 12th century. 
Landnámabók was written later and provides a much more detailed account of the 
settling of Iceland, focusing on genealogical and geographical information. It details the 
family histories of almost 400 settlers, identifies the farmsteads they founded, outlines the 
areas of their land claims, and describes the settlement of each of Iceland’s major 
districts. The problem with relying too heavily on historic texts to understand the 
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Landnám is that they were written hundreds of years after the initial settling of Iceland, 
and were modified over subsequent centuries.  
While medieval histories and the sagas provide valuable information about the 
settlement of Iceland, they are not primary sources. At best, the literary sources of the 
Landnám are medieval scholarly works that drew on existing traditional stories, but are 
largely inventions of the authors following the Landnám model created by Ari Þorgilsson 
(Friðriksson & Vésteinsson, 2003). At their worst, they are political tools designed to 
lend support to the land claims of the church and the wealthiest families in Iceland. As 
these texts significantly post-date the events they describe, some researchers recommend 
that these historical texts should only be used to understand the ideologies of 12th- and 
13th-century Iceland, the period during which they were actually written; advocating 
instead for the exclusive use of the archaeological record to understand the pre-historic 
settlement of Iceland and the abandonment of the concept of a ‘period of settlement’ (K. 
P. Smith, 1995). 
Viking period scholars historically relied heavily on written records, and this 
history of text-based Viking studies has had a lasting influence on how Viking Age 
studies are conducted in Iceland. The challenge for archaeologists conducting research 
into the early history of Iceland is avoiding the biases introduced to fieldwork and data 
collection by the historical texts. Critics of 20th-century archaeology point out that many 
of these projects accepted the written record as fact, either using archaeology to confirm 
what they assumed to be ‘true’ or setting out with the intention to disprove written 
accounts of the Landnám (Friðriksson & Vésteinsson, 2003). Fortunately, the nature of 
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archaeological investigations in Iceland has shifted over the past decade to incorporate 
geoarchaeology, paleoecology, and history in order to produce a richer understanding of 
Norse migrations, placing them within an environmental and economic context 
(McGovern et al., 2007).  
Archaeological investigations of Iceland’s Landnám have succeeded in correcting 
some of the misinformation from medieval sources, as well as filling in the gaps left by 
these texts. In all of the written records there are three pieces of information which can be 
observed in the archaeological record: the date of settlement began in 870 AD, settlement 
occurred rapidly, and the settlement process had a permanent impact on the environment 
(Friðriksson & Vésteinsson, 2003). In terms of these basic facts, no archaeological 
evidence collected thus far has totally contradicted the information from historical texts. 
The dates provided in the written record are consistent with dates based on archaeology, 
palynology, and tephrochronology (Dugmore et al., 2005; Vésteinsson & McGovern, 
2012). Extensive pollen analysis has confirmed that by 900 AD, the extent of birch was 
greatly diminished and grass pollen increased dramatically (Hallsdóttir, 1987; Zutter, 
1989, 1992). Thus, historical texts are often still used by archaeologists as a framework to 
describe the settling of Iceland. In light of the ongoing debate over the first peopling of 
Iceland, the following is a sequence of events, as outlined by both the historic texts and 
recent archaeological investigations of early Icelandic sites from the Landnám (870 AD) 
through to the period of Foreign Rule (beginning in 1262 AD).  
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2.1. The Settling of Iceland 870-930 AD 
 According to historic texts, the first settlers of Iceland were Viking chieftains 
(goðar) and farmers with enough personal wealth to own ships and bring over their 
families, dependent workers, slaves (thralls), and livestock (Amorosi et al., 1997; 
Bolender et al., 2008). It is widely accepted that the impetus to emigrate was to escape 
state consolidation in Norway by Haraldr Fairhair, although there were settlers who 
moved to Iceland from the British Isles who would not have been escaping Haraldr 
Fairhair (P. H. Sawyer, 1982). Migration into the uninhabited landmass of Iceland was 
rapid: Iceland’s first permanent settler, Ingólfur Arnarson, arrived in Reykjavík between 
870 and 874 AD, and by 930 AD, the texts go on to say, all land in Iceland had been 
claimed (K. P. Smith, 1995).  
It is generally agreed that the first settlers of Iceland sailed as large groups of 
multiple families, but there are differing opinions as to what happened once these groups 
arrived in Iceland. Interpretations based on the Sagas claim that upon arriving in Iceland, 
the groups separated into family units and established isolated farmsteads under the 
control of independent farmers. According to this model, the wealthy free farmers and 
chieftains – Iceland’s first settlers – established farmsteads on the land they had claimed. 
These first farms would have been stratified households consisting of the wealthy 
individual’s family, dependent workers, and slaves. After all lands in Iceland had been 
claimed, new farmsteads could be established only by dividing an existing farmstead, 
with consent from the current landowner (Bolender, 2006).  
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However, there is archaeological evidence that contradicts the sagas: evidence 
from Landnám farms in the southwest suggests that the first settlers did not immediately 
disband and instead established farmsteads occupied by multiple families (Vésteinsson, 
1998). At these sites, multiple longhouses and outhouses with indications of habitation 
were found to comprise a single farm. It is possible that multiple longhouses at a single 
farmstead could indicate that the houses represent different periods of occupation and 
movement of the location of the primary longhouse. This interpretation, however, is not 
supported by the stratigraphic record, which indicates that the longhouses were 
penecontemporaneously occupied and represent multiple households at a single 
farmstead (Vésteinsson, 1998). This is not to say that all settlers established communal 
farms before disbanding to establish individual family farms; rather, it shows that the 
process of settlement was not universal in Iceland and that possible variations in the 
settlement process are omitted, likely unintentionally, by the authors of the medieval 
histories and sagas. 
I would like to briefly discuss two models of the initial settlement of Iceland 
(though there are currently many models): the first is a two-phase model and the second 
is a four-phase model. The two-phase model of settlement and farmstead establishment 
places the initial settlement phase along open coastal areas and in broad river valleys, 
with the second phase establishing farms in cleared woodland areas (Simpson et al., 
2003; Vésteinsson, 1998). In this ecologically driven farm selection and settlement 
model, landnámsmen initially established farmsteads in wetland margins while they 
cleared forests for pasture land. Once cleared, new farmsteads were established on more 
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favorable deforested lands. Birch forests covered about 27% of Iceland when the first 
settlers arrived, but the island was deforested rapidly following the arrival of the 
landnámsmen, leaving ~1% of the landmass as woodlands (Dugmore et al., 2007). 
Vésteinsson (1998) proposes that areas of seasonal flooding were intentionally selected 
for initial farm locations because birch does not grow in wet marsh environments or in 
areas that are regularly flooded. In these birch-free regions, the first Icelanders did not 
need to clear out areas for their farms, and perhaps more importantly were able to harvest 
sedges and grasses growing in waterlogged environments as fodder for livestock. These 
initial farms were abandoned once more suitable areas had been deforested, making 
suitable pasture lands for the livestock. Permanent farms were then established in the 
cleared locations. Though there is clear evidence from the pollen record that the 
deforestation and clearing employed by the two-phase model certainly took place 
throughout Iceland (Hallsdóttir, 1987; Zutter, 1989, 1992) this does not necessarily mean 
that temporary farmsteads were always established and used until such a time when 
enough land had been cleared to relocate the farmstead. 
Archaeological work carried out the Langholt region of Skagafjörður has found 
that early Icelandic farms were relatively stable in Skagafjörður; only two farm 
relocations were identified, and there is no evidence for total farm abandonment prior to 
the 20th century. Here abandonment seems to be the exception and not the rule, at least in 
Langholt. Whereas there is evidence against the two-phase model, aspects of the model 
are nevertheless supported by the archaeological record in Skagafjörður. The local 
geomorphology in Langholt seems to have allowed settlers in this region to establish their 
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permanent farmsteads immediately. Two common features of the farms included in SASS 
are relief and proximity to water and marshland resources. Most of Langholt has easy 
access to the low-lying wetland areas associated with Héraðsvötn and its tributaries. It 
seems likely that marginal wetland environments were preferentially selected by Vikings 
for farm locations, while in regions with relief, farms could be located near wetlands but 
above areas of flooding, thus eliminating the need for farm relocation. 
The landscape was further altered by livestock and other commensal species 
introduced to Iceland by the Vikings. The livestock imported to Iceland included 
caprines, pigs, horses, and cattle. This suite of animals, with different grazing habits, was 
able to transform the arctic environment of pre-Landnám Iceland into relatively uniform 
grassland pastures (Amorosi et al., 1997). In addition to livestock, there is archaeological 
evidence for cats and dogs and unintentional camp followers (i.e. mice, insects and wild 
plant species). Several species of worms and dung beetles were introduced to Iceland as 
part of the ballast of Viking ships (Enckell & Rundgren, 1988; K. P. Smith, 1995). 
Indigenous fauna the Vikings encountered upon arrival included a variety of marine 
resources, migratory birds, water fowl and the arctic fox, the only terrestrial mammal 
native to the island. Zooarchaeological investigations of early Viking settlements in 
Iceland show evidence of exploitation of wild resources, though there is a high frequency 
of domesticated animal bones.  
The zooarchaeological record throughout Iceland shows that, while their diet was 
diversified by consuming a variety of wild resources, the core of the Settlement Age 
household/farmstead was based on domestic animal production focusing on a cattle-based 
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economy with an emphasis on dairy farming (Vésteinsson et al., 2002). Cattle husbandry 
would have placed additional stresses on the first settlers especially during the long 
Icelandic winters, as cattle require winter fodder, which would have been harvested in 
wetland environments, whereas caprines are able to graze year-round. The preference for 
cattle (which would be more difficult to maintain during the initial settlement than sheep 
or goats) is characteristic of the ‘ideal’ Norse farm the landnámsmen were attempting to 
maintain in their new home (Dugmore et al., 2005). 
2.2. The Commonwealth (Þjóðveldi) 930-1262/4 AD 
 Following the settlement of Iceland and the claiming of all available land in 930 
AD, Icelanders developed their own society and system of government. Although 
landnámsmen were rebelling against the crown and consolidation, they were not 
revolutionaries with any notion of establishing a new experimental society (P. H. Sawyer, 
1982). As a result, the structure of the first government of Iceland was strongly 
influenced by the governmental institutions of the Scandinavian lands from which the 
first settlers had emigrated. In 930 AD, the Althing (al-þing), or the National Assembly 
of freemen, was established at Þingvellir in southwest Iceland, and, along with it, the 
Icelandic Commonwealth. The resulting government has been described as a system of 
equality, and it has been argued that the Icelandic Commonwealth was the first truly 
democratic state (Karlsson, 2000).  
Under the Commonwealth, Iceland was divided into quarters. Within each 
quarter, local spring assemblies (várþing) were held to hear local cases. Skagafjörður was 
part of the Northern Quarter court. The spring assemblies were presided over by three 
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goðar (four in the Northern Quarter). In addition to the four Quarters’ courts, there was a 
fifth court at the Althing to adjudicate cases that had not been settled within the quarter 
courts. An additional legislative body, the Law Council, established new laws (Karlsson, 
2000). The goðar of each region held authority over their thingmen (þingmenn), but the 
relationship between a goði and his thingmen was mutually beneficial. The goði was 
politically supported by his thingmen; and in return for their support, the goði was 
expected to protect his thingmen. The thingmen were not bound to one goði and were 
able to change allegiances, thus providing incentive for the goði to uphold his side of the 
relationship.  
As wealth, in the form of gold and silver, was consolidated into the hands of the 
wealthiest families in Iceland, woolen homespun cloth (vaðmál) was adopted as legal 
currency. These textiles-as-tender were strictly regulated and standardized. The laws 
regarding legal standards and exchange values were included in the Grágás, a collection 
of Commonwealth laws, and were codified in writing after 1117 AD. The cloth continued 
to be used  as currency through the 17th century (Hayeur Smith, 2013). Vaðmál was used 
for all legal transactions: to pay tithes, taxes and fines, and to use as an important trade 
commodity, both locally and as an export material. The homespun cloth was in high 
demand in European urban centers, and vaðmál remained one of Iceland’s most 
important export commodities until the 14th century (Guðmundsson, 2009; Þorláksson, 
1991). In an economic system based on ‘wearable wealth,’ tracing the movement of 
wealth in the archaeological record is a challenge: the woolen homespun is susceptible to 
decomposition, and preservation for this delicate organic material is poor. The majority 
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of textile fragments have been found at sites dated from the 12th through 15th centuries. 
However, reuse can distort the archaeological record, as vaðmál could be reused many 
times within its systemic context before entering the archaeological context. 
Christianization of Iceland occurred rapidly; according to written records, 
Christianity was officially accepted at the 999/1000 AD Althing and adopted by both the 
political elite and the general population (Zoëga & Murphy, 2015). Following the 
conversion, household churches and associated cemeteries were established at farms 
throughout Iceland.  
By the 11th century, Icelanders begin to adjust their farming practices to adapt 
better to the environment of Iceland. At this time, there is a marked shift in species 
exploitation, with domestic animals dominating archaeological assemblages (McGovern, 
Perdikaris, Einarsson, & Sidell, 2006). The bone assemblage broadly indicates a shift to a 
caprine-based economy and an abandonment of the cattle based ‘ideal’ Norse farm 
model. However, Vésteinsson et al. (2002) suggest that cattle farming continued at select 
farm sites, a practice that may be indicative of wealth and status. The increased reliance 
on sheep resulted in overgrazing, which contributed to the loss of much of the soil in 
Iceland and the creation of eroded landscapes (Dugmore et al., 2005). The transition to a 
caprine-centered style of agriculture proved to be successful in the short term for the 
Icelanders, even if it would set in motion irrevocable environmental changes. The skeletal 
evidence from an 11th – 12th century graveyard in Skeljastaðir shows a population of 
healthy individuals with no signs of dietary deficiencies. Through this period, it appears 
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that Icelanders were largely self-sufficient, producing enough domestic food and 
exploiting enough wild resources to maintain a high quality of life (Mehler, 2011).  
2.2.1. The Sturlunga Age 1220-1262/4 AD 
The Commonwealth system of government changed as wealth and political power 
were concentrated within individual family clans in each region of Iceland. This 
consolidation of wealth and power ushered in the Sturlunga Age, so named for the 
Sturlungar, one of the most powerful family clans in Iceland. In the western half of the 
Northern Quarter, wealth and power were consolidated into the hands of the Ásbirningar 
of Skagafjörður. This clan is mentioned in association with the farms of Reynistaður and 
Glaumbær in the Saga of the Greenlanders. As the political influence of individual clans 
grew, and power was concentrated into the hands of the few, the symbiotic relationship 
between the goðar and their thingmen, characteristic of the Commonwealth Period, 
deteriorated. The rights of the thingmen became secondary to the ambitions of their 
goðar, who waged wars against their neighbors in order to further extend their sphere of 
influence and power (Magnússon, 2010). At this time, the Norwegian Crown began 
moving to annex Iceland as part of a larger movement to gain control of all lands in the 
North Atlantic inhabited by Norse people (Karlsson, 2000). The Sturlunga Period is 
marked by warfare and land degradation. 
The land degradation observed during the Sturlunga Age is attributable to the 
introduction of new land-use patterns, management of grazing lands, deforestation, and 
other anthropogenic activities associated with farming (Arnalds et al., 2001). The 
agricultural practices that drove soil degradation did not begin during the Sturlunga Age, 
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but a cascade effect from the arrival of the first settlers onward began to have severe 
effects during the Sturlunga, such that environmental thresholds were crossed and began 
to seriously impede productivity throughout Iceland. These activities disrupted the 
natural balance of pedogenesis, leading to increased soil erosion. Icelandic soils, like 
most Andosols, have an extremely low bulk density and are poorly cohesive. These 
characteristics make the soils of Iceland highly susceptible to erosion by wind and water. 
The inherently erosive nature of Icelandic soils, combined with human-induced removal 
of the ground cover, accelerated soil loss across the entire country. Soil erosion led to an 
increase in sediment accumulation rates, which further aggravated land degradation by 
impeding the development of new soils. It has been suggested that farm abandonment 
observed during the 11th century was driven in large part by worsening soil erosion 
(Vésteinsson et al., 2002).  
Even in the face of increasing environmental pressure on the Icelanders’ agrarian 
practices, the island remained largely self-sufficient. As terrestrial resources became less 
reliable, the Icelanders relied on their Norse seafaring tradition and supplemented their 
diet with fishing, showing an increasing preference for cod over time (Hambrecht, 2009; 
McGovern et al., 2006; Mehler, 2011). During the Sturlunga, fishing in Iceland was only 
a part of their subsistence practices, not yet a commercial endeavor (Amorosi et al., 
1997). 
 It is also during this period that the Íslendingabók, Landnámabók, and Sagas were 
written. The medieval texts focus on individual family histories, particularly on the eight 
most powerful families in Iceland. The historical sources may have been written in part to 
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lend support to the claims of these families, thus legitimizing their claims to control their 
respective regions of Iceland. The archaeological record has confirmed the dates provided 
in the texts, but the motivation for writing the sagas throws their accuracy into question. 
The sagas may represent foundation myths instead of facts, while the Íslendingabók and 
Landnámabók could have been used as political tools by the church and local leading 
families to validate their land claims (Dugmore et al., 2005).  
2.3. Foreign Rule 1262/4-1918 AD 
Between the 15th and 18th centuries, Iceland was a rural province in the Kingdom 
of Norway-Denmark, with a population of ~50,000 (McGovern et al., 2007). As a rural 
province, Iceland was legally guaranteed a sufficient supply of imported goods by the 
Danish crown. However, by the 17th century, this system of provisioning had 
significantly deteriorated. The period of Foreign Rule is widely viewed as a time of 
hardship for Icelanders (Hambrecht, 2009; Ogilvie, Barlow, & Jennings, 2000; Ogilvie & 
Jonsson, 2001). At this time, exports including fish and vaðmál from Iceland were in high 
demand in mainland Europe. Beginning in the 14th century, Icelandic self-sufficiency 
shifted to a dependence on imported goods from Europe. From the 14th  to the 18th 
centuries, marine fish bones dominate faunal assemblages throughout Iceland (McGovern 
et al., 2006). Cereal production ended completely, and the dependence on fishing – as an 
export and as a food source for Icelanders – left Icelandic farms with less labor for food 
production (Mehler, 2011). With limited access to imports and poor growing conditions 
due to the LIA, Iceland was struck by famine (Mehler, 2011). At the 1262 AD Althing, a 
treaty outlining the position of Iceland within the Kingdom of Norway was enacted. 
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Danish colonial authorities imposed restrictions on the cost of Icelandic imports, thereby 
restricting access to wealth in Iceland.  
The Settlement and Commonwealth Periods took place during the Medieval 
Warm Period (MWP) which was characterized by relative climatic stability, low rates of 
soil erosion, and slow rates of change in the terrestrial record. However, at the close of 
the 13th century, the climate changed drastically – further compounding the hardships 
brought on by human-induced environmental changes in Iceland. The Little Ice Age 
(LIA) began abruptly between 1275 and 1300 AD, with an intensification ~1430-1455 
AD. While not a true ice age, the LIA was a period of cold summer anomalies affecting 
the Northern Hemisphere. In Iceland, climate proxies as well as historical texts record the 
LIA; both records indicate that the LIA was cool and highly variable at annual and 
decadal time scales (Geirsdóttir, Miller, Axford, & Sædís, 2009). During the LIA, 
Icelandic glaciers reached their maximum Holocene extent. Furthermore, there was a 
shift from the strong Irminger Current of the MWP to a strengthened East Icelandic 
Current, which circulated more cold water around Iceland, and transported large amounts 
of sea ice to the coasts (Knudsen et al., 2004). Encroaching sea ice blocked important 
ports, making import and export difficult. The onset of the LIA also shortened the 
growing season in Iceland, further complicating the overgrazing situation in Iceland 
(Amorosi et al., 1997). 
Iceland was also beset by a series of epidemics and natural disasters which 
damaged the island’s already tenuous socio-economic system (Hambrecht, 2009). An 
interesting result of the LIA is the rise in volcanic activity associated with the climatic 
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event. Despite the high rate of historical volcanic eruptions in Iceland, these events were 
generally not followed by farm abandonment. While it was certainly difficult for farmers 
to continue working with tephra fallout, the eruptions do not seem to have been 
universally cataclysmic events. Indeed, the direct and indirect effects of tephra fallout 
could be both beneficial and detrimental to the environment and humans (Dugmore et al., 
2005; Dugmore et al., 2007; Edwards, Dugmore, & Bickford, 2004). The most disastrous 
eruptions are associated with Hekla, the composition of which produces ash with high 
amounts of fluoride that can poison both livestock and people. Following the Lakagígar 
eruption in 1783, fluorine gas spreading across Iceland caused the death of the majority 
of livestock on the island. The ensuing famine claimed the lives of a third of the human 
population (Hambrecht, 2009). Conversely, it is theorized that eruptions producing less 
than a few centimeters of tephra fallout not only provided plants with nutrient 
enrichment, but also temporarily relieved grazing pressures and allowed vegetation to 
grow when livestock was removed to graze on slopes where the tephra accumulated more 
sparsely (Edwards et al., 2004).  
Over the course of history, Icelanders have faced adversity resulting from 
environmental challenges, both natural and self-induced; and shifting political 
institutions. Despite these hardships, the country endured, and has outlasted the Viking 
colonies in Greenland and North America to become the westernmost extent of the Norse 
expansion.  
In this brief history of Iceland it is clear that Icelandic culture developed out of 
the dynamic relationship between Icelanders and their environment. Having placed the 
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archaeological record into its cultural historic context the following chapter will examine 
the landscape of Iceland placing the archaeological record within its geological context.  
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3. GEOLOGICAL CONTEXT 
Iceland is an elevated segment of the Mid-Atlantic Ridge (MAR) located above a 
mantle plume. It is the largest sub-aerially exposed section of mid-ocean ridge on Earth 
(Höskuldsson, Hey, Kjartansson, & Guðmundsson, 2007). As part of the MAR mountain 
chain, the Iceland basalt plateau straddles the North American and Eurasian Plate 
divergence, with the Reykjanes Ridge to the south and the Kolbeinsey Ridge to the north 
(Figure 3.1). Due to its position along the tectonically active MAR and its association 
with a mantle plume, Iceland is one of the most volcanically active places on the planet 
(Berg et al., 2014): on average, there is a volcanic eruption in Iceland every 4-5 years, 
which produces solid lavas and volcanic tephra (Arnalds, 2004). The dominant rock type 
throughout Iceland is basalt, which is divided into three stratigraphic units based on age: 
the Tertiary, early Quaternary, and the Late Quaternary series. 
3.1. Skagafjörður and the Langholt Region of Northern Iceland 
Skagafjörður is a valley situated on the northern coast of Iceland (Lat. 65°10ˈ to 
66°+ and Long. 19°W to 20°W) (Figure 3.1) and is the location of the now-extinct 
Skagafjörður Rift Zone. Throughout its geologic history, Skagafjörður has been subjected 
to numerous rifting events and associated volcanic activity. In addition to rifting, the 
valley has been shaped by volcanism, erosion, glaciation, and sedimentation.  
 Skagafjörður bedrock is composed of Tertiary basaltic lava flows, the oldest 
series (3-16 Ma) on the island. During periods of volcanic inactivity within the Tertiary, 
weathered and reworked vesicular basalt was re-deposited on top of the flows, thereby 
resulting in lava flows interbedded with pulverized red vesicular basaltic rock strata older 
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than 3.1 Ma (Cossart et al., 2014). Volcanism in the region diminished during the Late 
Pleistocene, though there was some renewed activity during the Quaternary (Hjartarson, 
2003). The low permeability of Tertiary basalts promotes wetland development in areas 
where it is the primary bedrock – as in Skagafjörður – and where the valley bottom is 
dominated by wetland environments. 
 
Figure 3.1 The principal elements of Icelandic geology, showing the major geological 
subdivisions, including main fault structures and volcanic zones and belts. Skagafjörður 
is outlined in red. Modified from Thordarson and Larsen (2007). 
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The main controls on the modern landscape in Skagafjörður are glaciation, 
aeolian sedimentation, and fluvial activity (Figure 3.2 and Table 3.1). Glaciation began 
100 cal ka BP and reached its maximum extent ~21 ka BP; the entire area was covered by 
ice until at least the end of the Last Glacial Maximum (LGM) (Geirsdóttir, 2004; 
Hubbard, Sugden, Dugmore, Norddahl, & Pétursson, 2006; Norðdahl, 1991). There was a 
swift transition from cold glacial climates to a warmer climate at the end of the LGM. 
The Iceland Ice Sheet (IIS) broke up around 15 ka due to the northward migration of the 
Polar Front and subsequent rising sea levels (Andrews et al., 2000; Geirsdóttir et al., 
2009). These events caused rapid deglaciation that coincided with increased volcanic 
activity and the formation of glacial lakes, which were repeatedly drained by outburst 
floods (jökulhlaups) reaching lake basins and the ocean (Geirsdóttir et al., 2009). During 
the Younger Dryas (12,800 – 11,500 BP) glaciers re-advanced. Following deglaciation, 
glacial-rebound drove the uplift of the local land surface at a rate of 6 to 10 cm/yr at the 
beginning of the Holocene (10,000 ± 300 yr cal. BP and 8150 ± 350 yr cal. BP), but fell 
to zero after 8500 yr cal. BP (Cossart et al., 2014).  
This glacial unloading and uplift following the LGM created an environment 
prone to landslides in Skagafjörður. Landslide potential in this region is enhanced by 
bedrock structure: the poorly cohesive weathered basalt layers interbedded within the 
Tertiary basalt flows act as potential detachment planes in areas of relief, which 
contribute to the 80 to 110% slope gradients characteristic of the Skagafjörður hillslopes 
and highland plateaux (Figure 3.3). The deposits from these landslides are one of the 
main sources of local sediment in the valley. 
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Figure 3.2 Geological map of Skagafjörður showing lithology, structure, and glacial 
features. From Eiríksson, Larsen, Knudsen, Heinemeier, and Símonarson (2004). 
 
Glacial and glacio-fluvial erosion cleared the valley of most of its Pleistocene 
volcanic formations leaving only the Tertiary basalts, deepening the valley bottom; 
subsequent sedimentation during the Holocene filled in the carved fjord with basaltic 
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sediments. The Skagafjörður Valley is not a typical fjord: rather than being a deep inlet, 
characteristic of fjords, Holocene sedimentation of the Héraðsvötn River created a flat 
floodplain with a northward-flowing braided river system in the valley, which is fed by 
inland glacial meltwaters, with its delta emptying into the Skagafjörður Bay (Figure 3.4). 
The headwater of the Héraðsvötn River is at the confluence of two glacial rivers, the 
Austari-Jökulsá and Vestari-Jökulsá, and is fed by the Hofsjökull glacier, the third largest 
in Iceland. Héraðsvötn splits into two rivers again (Austari Héraðsvötn and Vestari 
Héraðsvötn) before flowing into the Skagafjörður Bay on either side of Hegranes at the 
northern extent of the valley. The present river pattern was certainly different in the past; 
the rivers and streams in the area regularly changed course, and remnant features of 
former river paths are easily identifiable in satellite images (Figure 3.4). The three farms 
included in this study fall along the wetland margins of the Héraðsvötn River, in 
proximity to smaller rivers, along the eastern edge of the Langholt rise (Figure 3.5).  
The Langholt rise is a 10 km-long hill running roughly north-south, parallel to the 
glacial rock formations that act as the western boundary of the Skagafjörður Valley, with 
elevations ranging from 10 to 40 m above sea level (asl) (Bolender, Steinberg, & 
Damiata, 2011) (Figure 3.5). The Langholt rise is a kame terrace (Mercier et al., 2012) –a 
sedimentary deposit laid down by flowing water at the boundary between a glacier and 
valley walls – and its elevation may have been enhanced due to landslide debris from the 
mountains to the west. Up valley to the south, there appears to be less sedimentation and 
more distinctly glacial features. However, to the north of the valley, the glacial features 
are obscured by post-glacial sedimentation. 
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Time Period Event 
12,800-11,500 BP Younger Dryas glacial re-advance 
~15 ka Northward migration of the Polar Front, IIS breaks up, End of 
LGM 
~21 ka Last Glacial Maximum (LGM) 
1000 cal ka BP Start of glaciation in Iceland 
3-16 Ma Volcanic activity, deposition of basaltic lava flows; periods of 
inactivity deposition of weathered vesicular basalt 
Table 3.1 Geological Timeline of Skagafjörður. 
 
  
  
Figure 3.3 A) Overview of Skagafjörður Valley facing north from Mælifell; B) Valley 
walls facing west from Hegranes; C) Valley walls facing northwest from Hegranes; and 
D) Valley walls facing east from Reynistaður. 
A B 
C D 
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Figure 3.4 Skagafjörður Delta A) The Héraðsvötn River splitting at the southern tip of 
Hegranes (arrow) with the branches feeding into deltas to the east and west of the 
landform. B) River meanders to the west of Hegranes. Source Google Earth. 
 
3.2. Quaternary Sediments 
The sediments of the Skagafjörður Valley are ultimately derived from 
predominantly basaltic parent material but locally originate from four main sources: 
landslides, wind-derived dust from inland deserts, glacial margins, and glacial outwash 
plains. Landslides of bedrock and previously deposited glacial sediment, the main 
process leading to the erosion of rock walls, is a significant source of sediment in 
Skagafjörður (Cossart et al., 2014). However, the landslides remain largely intact, 
suggesting that the deposits are not carried away by flowing water to be deposited 
throughout the floodplain. Instead, the mass wasting deposits remain at the edges of the 
valley walls. 
A B 
5 km 1 km 
30 
 
 
Figure 3.5 The Langholt Rise showing the locations of Reynistaður, Syðra Skörðugil and, 
Stóra-Seyla, which all fall along the eastern edge of the Rise. 
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Like most regions of Iceland, aeolian dust is a primary component of the 
sedimentary record in the valley. The sources of this dust, which is composed of 
predominantly volcanic glass, are the large expanses (~40,000 km2) of unstable sandy 
deserts located throughout interior and highland Iceland, as well as glacier margins and 
glacial outwash plains (Arnalds, 2004, 2010; B. V. Óskarsson, Riishuus, & Arnalds, 
2012). The Langholt region falls within an area of medium dust deposition (25-100 g m-2 
yr-1) (B. V. Óskarsson et al., 2012). Along with dust from the interior deserts, a regular 
flux of tephra from the volcanic eruptions in Iceland occurs fairly frequently.  
Sediment accumulation rates (SeAR) have been used to reconstruct rates of 
landscape change in Iceland, as SeAR reflects local and regional erosion (Streeter, 
Dugmore, & Vesteinsson, 2012). Throughout Iceland, pre-Landnám SeAR were 
significantly lower than modern rates (Dugmore & Newton, 2012). Analysis of soil cores 
in which the rate of deposition between tephra horizons pre- and post-Landnám were 
calculated, shows that Skagafjörður SeAR increase by an order of magnitude following 
the settlement of Iceland (Catlin, 2011). High rates of aeolian sedimentation pose a 
problem for surveying in Iceland because they obscure archaeological features. However, 
rapidly deposited sediment preserves the archaeological record and tephra fallout 
associated with human occupation.  
Other important sedimentary components of the archaeological record in Iceland 
are peat and turf. Peat is a deposit of partially decomposed or undecomposed plant 
material (mosses, herbaceous plants, trees and/or shrubs) accumulating in places that are 
sufficiently wet to prevent decomposition from keeping pace with production of organic 
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matter (National Research Council, 1995). In Iceland, turf is not synonymous with peat 
and consists of the root mat of vegetation that grows on top of peat and the underlying 
peat sediment (Figure 3.6) (Bathurst, Zori, & Byock, 2010).  
 
  
Figure 3.6 Icelandic Turf A) Turf being cut for use as construction material; B) and C) 
cut turf drying out before construction. The strips of turf (stengur) (B) is primarily root 
mat with very little underlying sediment while the turf blocks (hnaus) (A and C) contain 
the root mat and a significant portion of the underlying mineral rich peat sediment. 
 
A 
B C 
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Organic buildup is favored in environments with cold climate regimes and in 
areas with wetlands. Both of these conditions are met in Skagafjörður, which is 
positioned at a high latitude with underlying bedrock characterized by low permeability. 
It should also be mentioned that local fauna play an important role in the development of 
organic surface materials. The pre-Landnám invertebrate fauna (e.g., dragonflies, moths, 
and predatory beetles) lacked litter-processing species, favoring the development of peat 
and non-peat surface litter, until the arrival of humans and the introduction of dung 
beetles, worms, and other litter-processing invertebrates (Buckland, Perry, Gislason, & 
Dugmore, 1986; Dugmore et al., 2005). 
The composition of peat is variable, but tends to be comprised of at least 65% 
organic material and >20-35% inorganic material, although it may contain 95-99% 
organics (Clymo, 1983; De Vleeschouwer, Chambers, & Swindles, 2010). The organic 
component of Icelandic peat is primarily mosses and sedges, whereas inorganic 
inclusions are mainly aeolian dust and volcanic ejecta. Peatlands fall into two main 
categories: ombrotropic peatlands (bogs) and minerotropic peatlands (fens) based on 
formation, vegetation, and hydrology. Peat development in Iceland began after the last 
glaciation and its growth and accumulation are ongoing, with peatlands comprising ~10% 
of the total land area of Iceland (Hellqvist & Johansson, 2010). Peat preserves pollen, 
tephra, and fossils, making it an important record of climate and environmental changes.  
 Peat growth is also influenced by post-Landnám soil erosion. Prior to widespread 
anthropogenically-driven landscape degradation, peat grew rapidly and was high in 
organic content. Following the Landnám, peat shows an increase in non-tephra 
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minerogenic input and associated decrease in percentage of organics (Dugmore & 
Newton, 2012). 
In Iceland, peat was used as both a fuel and a construction material. Turf was used 
as the main building material for domestic structures including houses and out buildings 
(e.g., barns, smithies, livestock pens, workshops) from the Viking Age through the 
medieval period (Bathurst et al., 2010). In northern Iceland, where timber is scarce, turf 
continued to be the primary building material until the mid-20th century (Milek, 2012a). 
The turf used by Vikings for construction was preferentially collected from lowland bogs 
(Bathurst et al., 2010; Steinberg, 2004). Minerogenic turf was also utilized as a fuel 
source in Iceland. There has not been an investigation into peat preferences for fuel 
usage, although Simpson et al. (2003) have developed a hierarchy of fuel resource quality 
in Iceland. Within their hierarchy, peat is preferentially used for high temperature, 
‘industrial’ activities. They identify peat as fuel for daily activities along with 
minerogenic turf, wood (mainly birch), and dung. 
3.3. Icelandic Soils 
My study of site formation processes does not deal directly with soils because I 
am analyzing middens, which are sedimentary deposits. However, it is important to 
understand the environment of deposition of these middens and the surface on which 
sediment was initially deposited. An examination of Icelandic soils is also important 
because part of the midden fill includes sediment that was derived from surrounding soil 
and transported by wind, water, or gravity. Because part of the midden fill included in my 
analysis is derived from soil, it shares some characteristics with Icelandic soils.  
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The majority of soils in Iceland are classified as Andosols: soils derived from 
weathered volcanic material that usually contains a high concentration of volcanic ejecta. 
In Iceland, the parent material of soil is a mixture of tephra layers from volcanic 
eruptions, aeolian and alluvial sediments, and mass wasting deposits comprised mostly of 
basaltic volcanic glass; to a lesser degree, primary minerals characteristic of basaltic rock 
include plagioclase, augite and olivine (Arnalds, 2004; B. V. Óskarsson et al., 2012). Due 
to their young age, soil profiles in Iceland often exhibit remnants of the original 
depositional stratification of aeolian volcanic sediment (H. Óskarsson, Arnalds, 
Gudmundsson, & Gudbergsson, 2004) and minimal horizon differentiation (Jóhannesson, 
1960; Romans, Robertson, & Dent, 1980). Icelandic soils are unique among other 
volcanic soils because of their young age, high amount of aeolian inputs, basaltic nature, 
occurrence in low temperatures, and their wide ranges in precipitation rates and type, 
which vary by location and season. Compared to other volcanic soils in Europe, Icelandic 
soils are the least developed (Stoops, 2007a).  
Based on the unique features of Icelandic soils and their parent material, Ólafur 
Arnalds (2004) has developed a soil classification system for Iceland. Under his system, 
the Andosols of Iceland are classified by organic carbon content and divided into five soil 
types: Histosols, Histic Andosols, Gleyic Andosols, Brown Andosols, and Vitrisols 
(Arnalds, 2004, 2008; B. V. Óskarsson et al., 2012). Though detailed soil maps are still 
lacking, the current maps place the Langholt Rise of Skagafjörður into the Brown 
Andosol and Histosol/Histic Andosol soil types (Figure 3.7).  
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Figure 3.7 Soil Map of Iceland; from Arnalds (2004). 
 
According to Arnalds’ classification system, Brown Andosols are found in freely 
drained areas with varying rates of aeolian input, while Histosols and Histic Andosols are 
found in areas with high organics and poor drainage that receive little aeolian input. The 
main clay constituents of Icelandic soils include allophanes, imogolite, and poorly 
crystalline ferrihydrite. The poor crystallization is due to the tendency of andic soils to 
dissolve rapidly, thus removing many of the products of weathering; Al, Fe, and Si are 
not removed, and instead reprecipitate as poorly ordered clays (Arnalds, 2008; Simpson 
et al., 1999; Vilmundardóttir, Gísladóttir, & Lal, 2014). The specific physical properties 
of Andosols – low bulk density (0.3 – 0.8 g cm-3), high porosity, high soil water 
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retention, thixotropy, and high phosphate retention – are inherited from their dominant 
clay types (i.e., allophanes, imogolite, and ferrihydrite) (Arnalds, 2004; B. V. Óskarsson 
et al., 2012; H. Óskarsson et al., 2004). 
A key feature of Icelandic soils and Andosols more generally is poor cohesion 
and an extremely low bulk density, making these soils highly susceptible to erosion by 
wind and water. As a result of these characteristics and of anthropogenic land use 
patterns, Iceland is regarded as one of the most degraded regions of Europe: 73% of its 
102,721 km2 total land area has been affected by soil erosion, 17% of which is 
categorized as severe to extremely severe (Arnalds et al., 2001). In their investigation of 
soil erosion in Iceland, Arnalds et al. (2001) define the term “soil erosion” as “the 
detachment and removal of surface material, which results in poorer soil, inhibits or 
could inhibit the growth of vegetation or prevents vegetation from establishing on the soil 
surface.”  
Soil erosion can occur through different processes. In Iceland, there are four 
major processes of soil erosion including wind erosion, water erosion, erosion caused by 
needle ice formation, and landslides. Though soil loss is a serious problem throughout the 
country, Skagafjörður falls within an area mostly free of soil erosion, with the exception 
of small, localized areas of considerable soil erosion. The regions of Skagafjörður with 
considerable erosion occur mainly along upland areas and not within the valley bottom or 
along the Langholt rise.  
Skagafjörður lies less than 100 km south of the Arctic Circle. At Skagafjörður’s 
high latitude, cryoturbation is marked, as it is throughout Iceland. However, the location 
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of Skagafjörður, in the precipitation shadow of the Hofsjökull glacier, makes the climate 
of the region relatively mild for Iceland (Hjartarson, 2003). Skagafjörður is the northern 
growth limit of birch in Iceland, in part because of its relatively mild climate. 
Cryoturbation develops a suite of geomorphic and micromorphological features that can 
be observed on the ground surface, in profile, and in thin section. Cryoturbation in this 
area is embellished by climatic factors (sub-arctic climate with frequent freeze-thaw 
cycles) and andic soil properties, including high water retention and rapid hydraulic 
conductivity (Arnalds, 2004, 2008). 
It should be reiterated here that there are important distinctions between 
sediments and soils, since in some archaeological works – in Iceland as well as in other 
regions – soils and sediments are treated as the same material. As a result, ‘dirt’ has been 
described as a “soil” when it is actually a sediment, and phrases like “Aeolian soil 
deposition” or simply “soil deposition” have readily entered scholarly literature (Bathurst 
et al., 2010; Brown et al., 2012; Streeter & Dugmore, 2013). By its nature, a soil cannot 
be deposited by wind or any other agent. Once a soil undergoes transport and deposition 
in a new location, it is no longer a soil: it is a sediment.  
In Iceland, high rates of erosion and aeolian dust input create a complex 
relationship between soils and sediments. The point at which a sediment undergoes 
pedogenesis and becomes a soil can be difficult to identify partly because soils are 
defined differently depending on the discipline of the researcher (e.g., pedologist vs. 
geologist). The soils of Iceland are very young and soil development is slow, making the 
soil classification still more difficult. Even at a microscopic scale, many of the features of 
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soil formation are absent. One micromorphological study of Icelandic “soils” failed to 
identify any features related to soil formation (Stoops, 2007a). 
3.4. Skagafjörður Tephra Sequence 
The diversity of volcanism in Iceland makes the landmass unique among oceanic 
islands, with nearly every volcano type and style of eruption featured in Iceland. Tephra, 
volcanic ash produced by explosive eruptions is widespread, and when dated, as they are 
in Iceland, they can be used as chronostratigraphic marker horizons – allowing for the 
relative dating of sedimentary layers and soil horizons in the field. Frequent volcanic 
eruptions deposit tephra across large areas of the country and form tephra horizons that 
can be traced through archaeological deposits, sediment, and soil profiles, with each 
isochronous tephra horizon representing a discrete event (McGovern et al., 2007; Streeter 
& Dugmore, 2012). Undisturbed primary tephra fallout is isochronous, and the surface it 
covers is also isochronous.  
Each eruption produces a compositionally unique tephra. Tephra is classified 
primarily through geochemical analysis, the major elements act as a fingerprint for the 
tephra, the unique chemical signature allows the tephra to be sourced to a specific 
volcanic system and eruption (Larsen & Eiríksson, 2008). However, there are some 
instances where tephra layers from one eruption are indistinguishable from other 
eruptions, so tephra is also classified other macro- and microscopic characteristics 
including: grain and glass size and color (De Vleeschouwer, van Vliët-Lanoé, Fagel, 
Richter, & Boës, 2008).  
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Once the characteristics of a given tephra have been identified and the ash has 
been dated, it can be used as a marker horizon in the field. The majority of tephra in 
Iceland is basaltic and black; light-colored rhyolitic tephra account for <1% of all tephra 
in Iceland though they tend to be the most extensive and easily recognizable in soil and 
sedimentary profiles, particularly in northern Iceland (Van Vliet-Lanoë, Bourgeois, & 
Dauteuil, 1998).  
Over 550 Holocene tephra layers have been identified and chemically 
characterized in Iceland (Dugmore & Newton, 2012), and their recognition has 
contributed to our understanding of the archaeological record, geomorphology, and 
environmental reconstruction, although there has been much less work conducted on the 
spatial distribution of these tephra. At present, the most accurate tephra sequences are 
developed at a local scale (10-100m) using a ‘barcode’ approach (Dugmore & Newton, 
2012). The barcode approach uses the thickness and stratigraphic order of tephra layers to 
make localized correlations. 
In the Langholt region of Skagafjörður, the established tephra sequence typically 
consists of six discrete ash falls from eruptions that have taken place since the initial 
settling of Iceland (Table 3.2 and Figure 3.8). In Skagafjörður, the tephra included in the 
tephra sequence are associated with major cultural transitions (e.g., the settlement of 
Iceland, the Christian conversion, and the end of the Commonwealth), making them 
particularly useful in relative sequencing of the archaeological record. Not all tephra 
layers are created equal, and Dugmore and Newton (2012) identify four key 
characteristics of important tephra deposits: 1) extensive distribution over a short period 
41 
 
of time, 2) distinctive properties that are well-characterized, 3) good independent dating, 
and 4)occurrence during periods of widespread interest. The LNS (870 AD ±2) in Iceland 
is a prime example of this class of important tephra deposits as it is well preserved in the 
stratigraphic record throughout Iceland, has been dated using the Greenland Ice Core, and 
is associated with a major cultural event (the beginning of the Settlement Period in 
Iceland).  
Date Tephra Name Thickness Color Source Social Event 
1766 AD Hekla 1766 < 0.5 cm Black Hekla   
1300 AD Hekla 1300 ~ 1 cm Grey-Blue Hekla 
End of 
Commonwealth 
1104 AD Hekla 1 (H1) ~ 1 cm White/Yellow Hekla Tithe Law 
1000 AD 
Veiðivötn-
Dyngjuháls 
   0.5 cm Blue Veiðivötn 
Christian 
Conversion 
933±6 AD 10th C. Veiðivötn    N/A Green Veiðivötn   
871±2 AD Landnám (LNS) > 0.5 cm Olive Green Veiðivötn Settlement 
2900 BP Hekla 3 (H3) > 2 cm White/Yellow Hekla Prehistoric 
4500 BP Hekla 4 (H4) > 2 cm White/Yellow Hekla Prehistoric 
Table 3.2 Skagafjörður Tephra Sequence with key characteristics for infield identification 
and important cultural events associated with specific eruptions; adapted from Steinberg 
and Bolender (2005), Bolender (2006), and Thordarson and Larsen (2007). 
 
Tephra preservation is favored in areas with high sedimentation rates, whether 
from geogenic or anthropogenic activity. Anthropogenic sedimentation can result from 
cultural processes like dumping events. As a result, middens have the potential to exhibit 
well-preserved tephra sequences. This preservation was observed in the midden fills at 
Reynistaður and Stóra-Seyla. There is also a high degree of tephra preservation in 
Skagafjörður, and many tephra layers are easily identifiable in the field; however, the 
tephra deposits can be vertically and aerially discontinuous, absent, or difficult to identify 
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with the naked eye. On the other hand, micromorphology aids in the identification of 
cryptotephras that are present in thin section.  
Radiocarbon dating of Icelandic tephra has resulted in a broad range of dates; and, 
in the case of the LNS, a much earlier date than was expected based on historical 
accounts of the settling of Iceland (Vésteinsson, 1998). In Iceland, radiocarbon dating is 
strongly influenced by the reservoir effect, which produces dates younger than would be 
expected. A more reliable means of dating tephra sequences is through Greenland Ice 
Cores. The annual layering of the ice provides a much more accurate date of sediments, 
including Icelandic tephras, which have been deposited on the surface of the ice sheet and 
then subsequently buried by layers of snow. 
In conclusion, in order to develop the most accurate interpretations of thin 
sections one must have a comprehension of the composition of the soils and sedimentary 
materials. This means having an understanding of the local geology, vegetation, and 
resources utilized by the people creating the deposits, the local fauna that contribute to 
the deposit, as well as all of the processes that could alter the deposit after its 
accumulation. The geological context outlined in this section combined with the cultural 
background from the previous chapter creates a framework in which to view the three 
farm mounds under investigation. 
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Figure 3.8 in situ tephra sequence from Skagafjörður 
Hekla 1300 AD 
Hekla 1104 AD 
Grimsv. ~1000AD 
Katla 934 AD 
LNS 871±2 AD 
Hekla 1766 AD 
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4. METHODS AND TECHNIQUES 
4.1. Geoarchaeological Method 
 My investigation of site formation processes of Icelandic farm middens takes a 
multiscalar approach to the archaeological record, moving between regional, local, site, 
and micro scales in order to establish context and interrelationships at each of these 
levels. The main difference between observations and interpretations in the field and in 
thin section is the higher degree of visible resolution provided by micromorphology 
(Bullock et al., 1985; Goldberg & Macphail, 2006; Matthews, French, Lawrence, Cutler, 
& Jones, 1997; Stoops, 2003; Stoops, Marcelino, & Mees, 2010); so when moving among 
scales, I maintain continuity between observations and interpretations at all levels. 
Archaeology attempts to understand the systemic context of past human behavior 
based on information gleaned from the archaeological record. Before archaeologists can 
make meaningful interpretations about past human behavior, they must understand how 
the systemic context was created (Schiffer, 1972, 1996; Waters, 1992). Site formation 
processes are a first-order component of understanding the archaeological record (Wood 
& Johnson, 1978). In my work on middens, an important aspect of site formation is the 
anthropogenic deposit. Archaeological deposits form as a result of geological and human 
inputs and modifications; geoarchaeology studies both of these agents in order to 
understand the separate roles they play in site formation. The role of humans is especially 
important as this is an archaeological investigation.  
 Farm middens are secondary refuse deposits, and thus the basic analytical unit of 
this investigation is the deposit, which includes both artifacts and natural sediments. A 
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sediment is a collection of mineral or rock particles that have been weathered or eroded 
from their source and have undergone deposition in a new location; archaeological 
sediment is a deposit that is directly or indirectly related to past human activity 
(Shackley, 1975; Stein, 2001a). As with any deposit, it is imperative to understand its 
source, transport agent, environment of deposition and post depositional alteration 
(Boggs, 2006; Shackley, 1975; Stein, 2001a). There are five sedimentary characteristics 
which are used to arrive at an interpretation of the life history of a sediment: texture, 
composition, sedimentary structures, vertical/horizontal relationships, and geomorphic 
expression (Boggs, 2006; Stein, 2001a). 
Micromorphology is a major component of my geoarchaeological investigation 
into site formation processes and the sedimentary life history of these midden deposits. 
Micromorphology employs petrographic analysis of thin sections of intact sediments and 
soils at a microscopic scale in order to infer their entire depositional and post-
depositional history (Courty, 2001; Courty, Goldberg, & Macphail, 1989). Samples of 
intact soils and sediments are impregnated with resin and then prepared as thin sections 
(FitzPatrick, 1984; Murphy, 1986). The thin sections can then be analyzed with 
microscopic techniques, including optical microscopy – under plane polarized light 
(PPL), crossed polarized light (XPL), oblique incident light (OIL), circularly polarized 
light (CPL) – and fluorescence microscopy; additional techniques include 
ultramicroscopic techniques such as cathodoluminescence, scanning electron microscope 
X-ray detector (SEM-EDAX), electron microprobe analyzer (EMPA), Fourier Transform 
Infrared Spectrometry (FTIR), X-ray diffraction (XRD), microscopic X-ray fluorescence 
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(µ-XRF) , and isotope mass spectrometry. Through micromorphological analysis, context 
and the associations of the sediments’ constituent parts are preserved. Preserving the 
microstructure of the samples makes it possible to observe the position of sedimentary 
components in relation to one another as well as geological and pedological processes 
taking place within the middens (Courty, 2001; Courty et al., 1989; Goldberg, 1980). 
 
 
  
 
Figure 4.1 Stages of sample collection and preparation A) sample removal from cut bank 
at Reynistaður, B) labeled and wrapped samples, C) sample impregnation, D) cut thick 
section with chip location, and E) scan of completed thin section (REY-63-4), which 
measures 50x75 mm.  
A 
B 
C 
D 
E 
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4.2. Field Method 
The location of the profiles sampled was constrained by not having an excavation 
permit for the summer 2014 field season. As a result, the sampling strategy could be 
described as an opportunistic subsurface sampling strategy (N. J. Smith, 2003). 
Micromorphological samples were collected at these three sites from cut banks along the 
side of the mounds (Figure 4.1A). In these areas, the exposed midden profiles were 
cleaned by troweling, and then drawn and photographed prior to sample collection. At all 
three farms, the full midden profiles were exposed in the cut banks, from the root mat to 
pre-contact layers.  
In total, eleven block samples were collected; five samples were taken from 
Reynistaður and three each from Stóra-Seyla and Syðra Skörðugil (Table 4.1). Samples 
were collected using 10x10 cm PVC fence posts cut in 10 cm lengths. Samples were 
collected at stratigraphic interfaces, so each contains at least two stratigraphic units. This 
sampling strategy was employed to better understand the transition from one type of fill 
to the next, and to attempt to identify any periods of abandonment or non-deposition. 
In micromorphology, as with all archaeological investigations, context is of 
critical importance. At each stage of sample collection and processing, I took precautions 
to ensure that the context of each sample was documented and preserved by clearly 
labeling the samples (number, location and orientation) and photo-documenting the 
samples at each stage of preparation (Figure 4.1). Similarly, the top of each PVC section 
was clearly marked with a bull’s eye so that there would be no confusion in the lab as to 
the sample’s orientation. After selecting the sample location, the blocks were collected by 
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cutting around the outside edge of the PVC posts, which were slowly pushed into the 
profile wall (Figure 4.1A). At the same time, sediment was cut away from the outside 
edge to preserve the physical integrity of each sample. The location of each sample was 
labeled and photographed before removal from the profile. Finally, the ends of each 
sample were capped with foam and then tightly wrapped in tape to protect them during 
transport (Figure 4.1B). Bulk samples of each stratigraphic unit associated with 
micromorphological samples were taken from the side walls of the removed 
micromorphological sample blocks. All samples were prepped, treated, and analyzed at 
the Boston University Micromorphology Laboratory.  
Site Sample 
Stratigraphic 
Units 
Age Limits 
Reynistaður 
(REY-63) 
63-1 V and IV 
<1300 AD 
>1104 AD 
63-2 IV and III 
<1104 AD 
>871±2 AD 
63-3 III and II 
<1000 AD 
>871±2 AD 
63-4 II 
<1000 AD 
>871±2 AD 
63-5 II and I 
<871±2AD 
>2900 BP 
Stóra-Seyla 
(SEY-104) 
104-1 VI and V >1104 AD 
104-2 III and II 
<1300 AD 
>1104 AD 
104-3 II and I <1300 AD 
Syðra Skörðugil 
(SYÐ-107) 
107-1 VII and VI 
<1300 AD 
>1104 AD 
107-2 IV and III 
<1104 AD 
>1000 AD 
107-3 II and I < 940 AD 
Table 4.1 List of micromorphological samples by site including associated stratigraphic 
units and age limits based on tephra horizons. 
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4.3. Laboratory 
4.3.1. Sample Preparation  
The block samples were dried in an oven at 60˚C for two weeks to ensure that 
there was no moisture within the samples, as moisture can have an adverse effect on the 
impregnation process. Air drying of block samples preserves the granular microstructure, 
which is better expressed in thin section than in samples in which acetone replacement 
has been used (Colombo et al., 2007; Sedov, Stoops, & Shoba, 2010). The dried blocks 
were impregnated with a mixture of polyester crystic resin and styrene monomer 
(Advanced Coatings, Westminster, MA, USA) at a ratio of 7:3, and catalyzed using 
Methyl ethyl ketone peroxide (MEKP) (7 mL per 1 L of the resin mixture). The resin 
mixture was added in three batches to ensure complete absorption, through capillary 
action, into the blocks. 
The impregnated blocks were allowed to cure at room temperature under a vented 
hood for one week (Figure 4.1C). After gelling, the impregnated blocks were oven dried 
at 60˚C for an additional two weeks and cut to size for thin sectioning. Thick sections 
were cut from each sample block using a rock saw, producing a chip measuring 
50x75x10 mm; the location of each thick section was again photographed and 
documented (Figure 4.1D). Following the infield sampling strategy, locations of the chips 
were chosen according to stratigraphic boundaries. Spectrum Petrographics Inc. 
(Vancouver, WA, USA), made the thin sections that were ground to a thickness of 30 μm 
and left uncovered (Figure 4.1E). 
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The bulk samples associated with each stratigraphic unit identified in the field 
were also dried in an oven at 60˚C for two days, to remove all moisture in preparation for 
pXRF analysis (see Holcomb and Sawyer (2015) and A. Sawyer and Holcomb (2015)).  
4.3.2. Micromorphological Observation 
 Micromorphology reveals many different aspects of the sedimentary deposit 
including: composition, grain shape and size, texture, color, fabric, void space, and 
primary vs. secondary features (Goldberg, 1980). When applied to microstratigraphic 
units identified in thin section, these features can be used to interpret the life history of 
each sediment, including source, transport agent, environment of deposition, and post-
depositional alteration. 
As useful as micromorphological analysis can be, it does bring up some unique 
issues when analyzing Andosols and thick tephra layers. One of the main problems with 
their analysis under XPL, is that ‘clays and most minerals are indistinguishable’ 
(Simpson et al., 1999). Andic materials are isotropic or amorphous, lacking a crystalline 
structure; and when viewed under XPL, these minerals are isotropic. The principles of 
CPL are similar to that of XPL and are also ineffective in the analysis of isotropic 
Icelandic Andosols. Though XPL and CPL have limited applications on Andosols, under 
PPL, many features are observable in thin section, including: composition, fabric, texture, 
shape, cleavage, color, and relief (Stoops, 2003). 
Simpson, Milek, & Guðmunðsson’s (1999) work at the Great Pit at Hofstaðir was 
the first use of thin section micromorphology on a Viking Age site in Iceland. The 
authors found that despite the limitations of thin section analysis on isotropic materials, 
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micromorphology revealed that the pit represents a sunken hut that collapsed and was 
subsequently used as a farmstead midden - not a cooking pit used for ceremonial feasting, 
as it had been identified prior to their investigation. This new interpretation arose from 
the discovery of the remains of a turf structure within the fill and a floor surface at the 
base of the midden in thin section. The depositional events of the midden are consistent 
with continuous dumping events with no periods of exposure or disuse. The pit was 
initially classified as a cooking pit based on the macroscopic identification of a rubified 
surface caused by heat from cooking. However, in thin section no thermally induced 
rubification was observed. Instead, thin section analysis showed that this stratum was a 
floor surface. The reddened earth was identified as an iron micropan that formed as a 
result of illuviated iron redeposition promoted by reduced surface permeability due to 
human trampling and compaction of the ground surface. Since the 1960s, ‘temple-farms’ 
have been identified using Hofstaðir as a model throughout Scandinavia, but these have 
now been called into question by Simpson, Milek, & Guðmunðsson’s (1999) new 
micromorphological interpretation at Hofstaðir.  
Based on the successful application of micromorphology at the Great Pit at 
Hofstaðir, the authors concluded that the technique is still useful in Iceland where 
pedofeatures, microstructures, and anthropogenic inclusions are the basis of site 
formation processes on Andosols, as they are on any other soil type. Micromorphology 
has been used by soil scientists in Iceland, independent of archaeology (Arnalds, 
Hallmark, & Wilding, 1995; Romans et al., 1980). They have observed distinctive 
pedofeatures and microstructures such as iron staining and cementation, which are 
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prevalent in soils throughout Iceland. Romans et al. (1980), identified silt droplet fabric 
in soil micromorphological samples collected from three locations in southeast Iceland; 
their work shows that pedofeatures and microstructures in Icelandic Andosols reflect the 
environment in which they formed. For archaeologists, this means that micromorphology 
is an important tool in understanding site formation processes.  
My thin sections were described using a Nikon Labophot2 petrographic 
microscope following the accepted terminology set forward in Bullock et al. (1985) and 
Stoops (2003). Each thin section was scanned at 2400 dpi on a flatbed scanner, after 
which the slides were analyzed using a petrographic microscope at ×20 to ×200 
magnifications. During laboratory analysis, a continuum of observation was maintained 
from handheld/scanned thin sections (×1) through to observation at the highest 
magnification (×200), ensuring that there is a correlation between the field and the 
laboratory with no breaks in observations and interpretations (Courty, 2001; Goldberg & 
Macphail, 2006). Due to the isotropic nature of the deposits, the thin sections were 
observed primarily under PPL and OIL, although XPL was also used for identification of 
crystalline minerals.  
In my micromorphological analysis, I recorded the composition of the midden 
deposits to understand the resources early Icelanders were exploiting. However, using 
micromorphology to identify the presence or absence of materials is a basic use of 
micromorphology; to take my analysis beyond simple micro-archaeology, (i.e., 
identification of micro-artifacts), I also examined attributes of sediments and soils that 
are made observable in thin section in order to develop a life history of each deposit. 
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Using the principles of microfacies analysis (Courty, 2001; Goldberg & Macphail, 2006), 
I began my micromorphological analysis by dividing each thin section into microfacies 
based on fabric changes. Each microfacies was observed on its own and in relation to 
each other, and described systematically recording the coarse fraction (composition, 
color, shape size, and abundance), fine fraction (color and limpidity), coarse/fine (c/f) 
related distribution, void (size, shape, abundance, and overall porosity), microstructure, 
and any pedofeatures (i.e., textural coatings and infillings and iron and manganese oxides 
both nodules and staining). Additionally, I was careful to identify and classify crypto- 
and reworked tephra grains to understand the timing of depositional events. Observations 
were recorded using Microsoft Office OneNote. 
 To minimize biasing the micromorphological results, observations were made 
with minimal interpretative terminology, explicitly devoid of genetic overtones; this stage 
is strictly data collection through observation and description. Following thin section 
description, I made interpretations about the sedimentary life history of each deposit and 
how the deposits contribute to site formation processes at each farm by combining my 
micromorphological interpretations, field observations, and understanding of the local 
and regional cultural practices and geology. The following chapter outlines the results of 
both my fieldwork and thin section analysis. There has been a strong emphasis on context 
in regard to my methods; however, context is just as important in the presentation of data. 
For this reason my results are presented along with magnified images of important 
features identified in thin section, scans of each thin section, profile pictures, and maps at 
multiple scales.  
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5. RESULTS 
Previous chapters have outlined a framework for my geoarchaeological and 
micromorphological investigation of site formation processes at the three Viking Age 
farm middens in Skagafjörður. I have placed the sites within the larger context of 
Iceland’s cultural history and geology, and presented my particular approach to studying 
site formation processes, including the methods and techniques used in my research. In 
this chapter, I present the results, systematically detailing the history, location and setting, 
field observations with stratigraphy and chronology, and micromorphology for each farm. 
At the end of each site description, I summarize and provide some interpretations of the 
results. The chapter closes with a discussion of the implications of my results and provide 
recommendations for future work. 
5.1. Reynistaður 
Reynistaður is a Settlement Age farm (Landnámsbær). This farm has been an 
important site throughout Iceland’s history, as both an ecclesiastic and secular seat of 
power and influence. Reynistaður’s history is well documented in medieval texts. It 
enters the written record in the 11th century in the Saga of the Greenlanders, where it is 
given as the home of Þórður Snorrason, father of Þorfinnur Karlsefni. Þorfinnur was a 
wealthy trader who sailed with Leif Eiriksson and helped to establish the first Norse 
colony in North America. In the Saga, when Þorfinnur returned to Iceland, he bought 
land at a neighboring farm called Glaumbær to establish his own farmstead, distinct from 
his father’s at Reynistaður. The farm is also mentioned in the Family and Sturlunga Sagas 
in association with the Ásbirningar family clan of Skagafjörður during the Sturlunga Age.  
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Figure 5.1 Map of the Langholt Rise showing the location of Reynistaður, Syðra 
Skörðugil, and Stóra-Seyla. The Sæmundará River flows along the top of the terrace and 
has down-cut with increasing intensity to the north. Reynistaður, at the northern edge, is 
positioned in an area with significant amounts of fluvial modification of the local 
topography. The area of relief between Syðra Skörðugil and Stóra-Seyla appears to be a 
part of the terrace which has been isolated by movement of the Húseyjarvisti River. 
Sæmundará 
River 
 
Héraðsvötn 
River 
 
Húseyjarvisti 
River 
 
56 
 
 
Figure 5.2 Aerial map of Reynistaður showing movement of the Reynistaðará River (the 
light colored sediment along the banks show the extent of former river paths). Also 
visible are remnants of the original river terrace which have been isolated by river action 
from the main terrace (arrows). 
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In 1295, a cloister was established at Reynistaður. As a convent and parish seat at 
the end of the Commonwealth, Reynistaður remained important in Northern Iceland as an 
economic and political center (Trigg, Bolender, Johnson, Patalano, & Steinberg, 2009). 
The Reynistaðaklaustur was in operation from 1295-1551 AD as a part of the Hólar 
bishopric (Kristjánsdóttir, Larsson, & Åsen, 2014). Reynistaður still has a functioning 
church located on its property, although the building itself dates to 1868, with restoration 
work from 1991-1995.  
5.1.1. Location and Setting 
Reynistaður is located at the northern limit of the Langholt kame terrace. Water 
from the Sæmundará River, flowing north across the terrace, has cut into the landform to 
create a series of glacio-fluvial terraces and lower relief along the northern edge of 
Langholt. Reynistaður is situated on the top of one of these terraces, bounded to the east 
by the northern branch of the Sæmundará River, known as the Reynistaðará River – so 
named for the farm (Figure 5.1). The modern farmstead at Reynistaður sits on top of one 
terrace, with the remnants of former terraces to the south, west, and east (Figure 5.2). The 
Reynistaðará River flows along the southern and eastern edges of the farm mound before 
emptying into Lake Miklavatn, just north of Reynistaður. The course of the Reynistaðará 
River has been moving to the west, causing erosion of the modern farm mound. In 2003, 
the edges of the Reynistaðará River were stabilized using a boulder dyke to prevent 
further destruction of the property (Trigg et al., 2009). The sampled profile is located on 
the eastern edge of the modern farm mound where the river had caused erosion (Figure 
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5.3). The profile was exposed through natural slumping; it spans a period from pre-
Landnám sediments through to the 14th century. 
 
Figure 5.3 Modern farm mound at Reynistaður showing the location of the sampled 
profile (arrow), the modern farm house (red roof), the 19th century church with its small 
family cemetery (rectangular area bounded by bushes), and the entry hall of an 18th 
century turf house (just east of the cemetery). 
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Based on GIS models derived from coring that was carried out at Reynistaður 
over several field seasons, the area of the Viking Age farmstead is estimated at 10,800 m2 
(Bolender et al., 2011). In addition to the house where the farm’s current owners live, 
various outbuildings, and the church and cemetery, Reynistaður also has the entrance hall 
of an 18th century stave construction turf house (Figure 5.3). 
Reynistaður (REY-63) Thin Section   
 
 
REY-63-1  
 
REY-63-2  
 
REY-63-3  
 
REY-63-4  
 
REY-63-5  
Figure 5.4 Reynistaður profile with sample locations and scans of thin sections  
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Strata Field Observations 
63-V 
Silty turf, light yellowish brown, platy, clear boundary, very dry, some disturbance 
from burrowing birds, high organic content. 1300 AD tephra, peat burn 
63-IV 
Silty turf, strong brown, platy, clear boundary, dry, high organic content. 1104 AD 
tephra, peat burn 
63-III 
Silty loam, reddish yellow, clear boundary, moist, platy, high organics. 1000 AD 
tephra, dark brown organic layer (possible burn) 
63-II 
Silty loam, very dark brown with high organics, interbedded with very light grey 
ash with organics, clear boundaries, moist, platy, Midden Fill 
63-I 
Very fine silty sand, dark yellowish brown, moist, no visible organics, capped by 
LNS 871±2 AD 
Table 5.1 Profile at Reynistaður with field observations and tephra present.  
1300 AD 
1104 AD 
1000 AD 
V 
IV 
III 
II 
I 
Root Mat 
Peat Burn/Organic-Rich =  
61 
 
5.1.2. Field Description of Profile 
The profile at Reynistaður has been bracketed temporally using five tephra layers 
of known ages identified in the field. The midden is sandwiched between two tephra 
layers: the LNS (871±2 AD) and the 1000 AD tephra, providing a constrained timeline 
for the use of the farm midden (Table 5.1 and Figure 5.4), which was initially deposited 
on top of a fine sandy sediment (63-I) with no identifiable soil horizons and very few 
organics.  
The midden deposit (63-II) contains two main types of fill: reddish-brown organic 
rich silt loams and grey minerogenic silt loams with lower concentrations of organics. 
The two fill types are interfingered throughout the midden deposit (Figure 5.5). The top 
of the midden is parallel horizontal and has a sharp boundary with the next stratigraphic 
unit 63-III. There is a dark brown concentration of organic material at this interface. In 
profile this sharp boundary seems to indicate that the midden was leveled off and capped 
with peat/turf. Unit 63-III is a reddish yellow organic-rich silt loam and contains the 1000 
AD tephra ash fall. From 63-III onward the profile is composed of silty loam and fibrous 
organic material. Both 63-IV and 63-V are platy silt turf with and primarily differ in color 
and bedding. 63-IV has perfectly horizontal striations throughout; those of 63-V striations 
are more undulating, possibly as a result of the high frequency of intact turf/peat 
inclusions which can be identified by the presence of out of sequence tephra and cracks 
caused by differential drying (Figure 5.6).  
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Figure 5.5 Detail of Reynistaður 
Midden Fill note the leveling and turf 
cap (arrow) marking the closure of the 
midden and the transition into low 
density cultural material (LDC) 
 
Figure 5.6 Detail of 63-IV and 63-V showing 
intact turf blocks (A and B). B) can be 
identified by the 1104 AD (H1) inclusion 
within the turf block, in this profile the tephra 
is clearly part of a turf block because it is 
positioned above the in situ H1 tephra 
horizon. 
 
5.1.3. Micromorphology 
With few exceptions, the basic components identified in thin section were 
observed in each of the samples collected at Reynistaður, although there is variability in 
the percentages and arrangement of materials between depositional units. The mineral 
components are primarily pyroclastic in nature and include undifferentiated tephra 
(pumice, glass shards, and lapilli), tephra associated with specific eruptions 
(differentiated tephra), and sand-sized or smaller fragments of basalt and rhyolite. There 
tends to be a low degree of weathering among the pyroclastic materials, with roundness 
ranging from well rounded (common in pumice) to angular (common among glass 
B 
A 
63 
 
shards). Other non-pyroclastic minerogenic components include iron nodules (sand size 
or smaller) and manganese staining.  
The organic material components tend to occur in higher concentrations post-
871±2 AD (LNS) at Reynistaður and are derived almost exclusively from plant materials 
that tend to be well preserved. The majority of the woody material observed in thin 
section is comprised of bark. Charcoal is also present, and – at significantly lower 
amounts – fragments of unburned woody material. Phytoliths and diatoms comprise a 
significant percentage of the post-871±2 AD deposits, where the biogenic opal is well 
preserved throughout and shows no indication of melting caused by heating at high 
temperatures. However, the most common plant materials observed in thin section are 
amorphous brown and reddish-brown plant materials. Other organic materials include 
fragments of peat, turf, and dung. There were no bones identified in thin section at 
Reynistaður.  
There are two main types of fine material at Reynistaður: yellowish brown and 
dusty grey; the coarse fine (c/f) related distribution is typically porphyric. The yellowish 
brown fine material is often associated with high concentrations of organic materials in 
various stages of decomposition. While the dusty grey fine material is typical of 
groundmasses composed of biogenic opal (diatoms and phytoliths), fine undifferentiated 
tephra (pumice and glass shards). This association of dusty grey material with high 
concentrations of silicate materials including tephra, and diatoms and phytoliths is seen 
throughout the midden fill at Reynistaður. Within the midden fill (63-II), both fine 
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material types can be observed in a single microfacies, with other microfacies containing 
only one type of fine material. 
REY-63-5 (Figure 5.7) was collected at the interface of 63-I and 63-II, and 
includes the Landnám tephra (LNS 871±2 AD) horizon. Within this sample the transition 
from natural, pre-contact, sediment to anthropogenic sediments (REY-63-5 MF3). REY-
63-4 (Figure 5.8) comes from the base of the midden (63-II) and is strongly bedded with 
an overall increase in organic material compared to REY-63-5. REY-63-3 (Figure 5.9) 
was collected within the midden fill. It is compositionally very similar to that of REY-63-
4; however, their fabrics are very different, with REY-63-3 showing a high degree of 
physical mixing of the groundmass. REY-63-2 (Figure 5.10) comes from the 63-II/63-III 
boundary, marking the closure of the midden. The units above the midden (REY-63-2 
MF3 and REY-63-2 MF4) show decreases in organic materials with increases in 
pyroclastic materials. Biogenic silicate concentrations decrease dramatically in REY-63-2 
MF4. REY-63-1 (Figure 5.11) was collected at the interface between 63-IV and 63-V, 
above the 1104 AD (H1) fallout. Both REY-63-1 MF1 and REY-63-1 MF2 are 
predominantly spongy peat/turf. REY-63-1 MF2 also contains bedded pyroclastic 
materials.  
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REY-63-5 MF3 - vughy silt loam, pyroclastic 
materials consistent with underlying facies, sharp 
increase in organic material (amorphous brown 
material, plant organ and tissue residues, phytoliths, 
and diatoms). Fine materials include yellow brown 
fine material interfingered with dusty grey fine 
material; phytoliths and diatoms concentrated near 
grey fine material; intact peat fragment; bioturbation.  
REY-63-5 MF2 – vesicular loamy sand, similar to 
REY-63-5 MF1, slight increase in size and frequency 
of pumice and decrease in void space; rotated 
peat/turf inclusion with a high concentration of light 
green tephra glass shards.  
REY-63-5 MF1 - vughy to platy, fine to medium-
grain sandy clay loam. Coarse materials are sinuously 
bedded, randomly oriented, and dominated by 
pyroclastic material with well-rounded weathered 
pumice most frequent. Manganese staining of voids 
throughout.  
  
Figure 5.7 REY-63-5 Microfacies descriptions with thin section scan (50x75 mm); note 
peat inclusions (P). Detail of REY-63-5 A) LNS tephra within rotated peat (REY-63-5 
MF2); B) Biogenic silicates within peat groundmass (REY-63-5 MF3) 
 
MF1 
MF2 
MF3 
 
_ 
_ 
P 
P 
A B 
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REY-63-4 MF5 - vugy silt loam, ~10% well sorted 
and sinuously bedded coarse materials with yellowish 
brown fine materials. An intact peat fragment extends 
across the top of the thin section  
REY-63-4 MF4 – vughy, sandy silt loam, ~50% 
poorly sorted, sinuously bedded coarse material: plant 
organ and tissue residues, charcoal fragments, and fine 
to coarse-grained pyroclastic materials. Yellowish 
brown and grey silicate-rich fine materials. 
REY-63-4 MF3 - granular sandy silt loam, similar to 
REY-63-3 MF2, increase in frequency of iron and 
manganese staining in MF3.  
REY-63-4 MF2 - platy silt loam, similar to REY-63-4 
MF1, without bedded woody debris and with the 
inclusion of larger grains of pyroclastic material.  
REY-63-4 MF1, - vughy silty clay loam, primarily 
horizontally bedded organic materials (woody debris) 
increase in silicates, dusty grey fine material 
  
  
Figure 5.8 REY-63-4 Microfacies descriptions with thin section scan (50x75 mm). Detail 
of REY-63-4 Showing the woody debris at base of sample, A) PPL and B) XPL 
MF1 
MF2 
MF3 
MF4 
MF5
1 
_ 
_ 
 
_ 
 
_ 
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REY-63-3 MF3 - a mixture of REY-63-3 MF1 and 
MF2 and significant bioturbation by worms; possible 
taranakite infilling. 
REY-63-3 MF2 - platy silty clay loam; coarse 
material similar to REY-63-3 MF1, increase in size 
and frequency of pyroclastic materials, some bedding. 
Dusty grey and yellowish brown fine materials.  
REY-63-3 MF1 - platy silt loam; moderately sorted, 
randomly distributed and oriented coarse components 
of fine grain volcanic ash (pumice, glass shards, and 
fragments of basalt), diatoms, phytoliths, plant tissue 
and organ residues, peat/turf/dung fragments, and very 
few charcoal fragments. Fine materials are 
predominantly dusty grey.  
    
  
Figure 5.9 REY-63-3 Microfacies descriptions with thin section scan (50x75 mm); note 
the disturbed fabric of REY-63-3 MF3 and infilling (arrow). A) Detail of silicate rich 
material from REY-63-3 MF1 and B) amorphous infilling (possible taranakite) 
MF3 
_ 
M
F
4 MF1 
MF2 
_ 
 
A B 
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REY-63-2 MF4 - vughy silt loam, sharp decrease in 
biogenic opal and corresponding increase in 
pyroclastic material. The dominant fine material for is 
yellowish brown with some brown fine material.  
REY-63-2 MF3 - silty clay loam; platy; increase in 
coarse materials, bedded, broad angle parallel 
orientation and moderately sorted, dominated by 
pyroclastic material with fewer organics. Fine material 
is dark brown decomposed organics.  
REY-63-2 MF2 - silty clay loam; spongy; highly 
organic (plant residues and amorphous yellowish 
brown material); very few pyroclastic materials and 
biogenic silicates.  
REY-63-2 MF1 - consistent with the REY-63-3 MF2 
fill type: moderately sorted, slightly bedded fine grain 
volcanic ash (pumice, glass shards, and fragments of 
basalt), peat/turf/dung, diatoms, phytoliths, and very 
few charcoal fragments. Yellowish brown and dusty 
grey fine materials. Increase in coarse material and 
bedding below the organic-rich REY-63-2 MF2 layer. 
Figure 5.10 REY-63-2 Microfacies descriptions with thin section scan (50x75 mm) 
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_ 
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REY-63-1 MF2 - layered, alternating between 
organic-rich deposits similar to REY-63-1 MF1 and 
sand sized pyroclastic material in dark brown fine 
material. The pyroclastic layers contain inclusions of 
dusty grey fine material with high concentrations of 
phytoliths and diatoms. 
REY-63-1 MF1 - predominantly yellow brown 
amorphous organic material; fragments of vegetation 
in varying states of decomposition, very few non-
organic coarse materials.  
 
  
  
 Figure 5.11 REY-63-1 Microfacies descriptions with thin section scan (50x75 mm). 
Detail of REY-63-1 showing similarity in composition of MF1 (A) and MF2 (B).  
  
MF1 
 
MF2 
 
_ 
 
A 
B 
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5.1.4. Summary 
The profile at Reynistaður shows the transition from the pre-Landnám 
environment to human occupation, expressing two broad categories of anthropogenic 
sediment: midden fill and low density cultural material (LDC), a sediment classification 
currently used by SASS to describe deposits that show some traces of anthropogenic 
inputs indicative of human occupation, but at a lower concentration than that in the 
midden fill. The midden was deposited on alluvial sands immediately following the LNS 
(871±2 AD) eruption. Limited evidence of pedofeatures was identified in thin section, 
indicating that the midden accumulated rapidly without any periods of disuse or 
abandonment prior to its final closure just before 1000 AD.  
The base of the midden contains a layer of well-preserved woody debris overlain 
by a layer of charcoal; this sequence is consistent with patterns of farm establishment in 
Iceland (K. P. Smith, 1995): evidence of slashing and burning of the local vegetation to 
clear space for the farmstead. The two midden fill types identified in the field correspond 
to the dominant fine materials observed in thin section. In thin section, the reddish-brown 
organic rich deposits contain high amounts of decomposed plant materials ranging from 
well preserved woody debris to amorphous materials within yellowish brown fine 
materials. Other coarse components typically identified within these deposits include fine 
grain pyroclastic materials and biogenic silicates (diatoms and phytoliths), at relatively 
lower concentrations than observed in the grey minerogenic deposits. While the grey 
minerogenic deposits and their lower concentrations of organics correspond to the dusty 
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grey fine material identified in thin section, this type of fine material is associated with 
high concentrations of silicate materials including tephra, diatoms and phytoliths.  
In profile, it appears that the midden was leveled off and then capped with 
peat/turf. The leveling of the midden shows that there was some amount of material lost 
as a direct result of human behavior. This leveling also suggests that the midden was even 
larger prior to disuse than it now appears in profile, although it is not clear how much 
material was lost by this action. Following the closure of the midden, the sedimentary 
profile shifts from midden fill to LDC. Despite the termination of this location as a 
midden, there was significant sedimentary deposition during the 100 years between the 
1000 AD eruption and the 1104 AD (H1) eruption. This portion of the farm mound is 
primarily composed of fibrous organic material with some aeolian inputs. 
In Icelandic archaeology, peat ash is identified in the field by its characteristic 
pinkish to reddish hue (Simpson et al., 1999; Simpson et al., 2003). Coarse and fine 
mineral materials within the peat and turf are rubified during burning; heat treatment 
causes structural disruption of the materials, inducing iron oxide segregation which gives 
the materials a reddened appearance (Simpson et al., 2003). Ash from burning woody 
material (trees and shrubs) has a characteristically white or grey appearance. Most trees 
and herbaceous plants contain significantly high concentrations of calcium oxalate 
phytoliths. When plant material is burned, the calcium oxalate crystals within the plant 
produce calcium oxide, which reacts with carbon dioxide from the air to produce calcite 
(Canti, 2003; Wattez & Courty, 1987). Plant ash is essentially calcite, which explains 
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why ash from plant materials has a white to grey appearance. Peat is composed of 
partially to undecomposed plant material so, peat ash also contains calcite.  
Based on the grey powdery and the reddish-brown fill, the midden at Reynistaður 
appears to be an öskuhaugar (ash midden) with significant amounts of wood ash. The 
presence of charcoal in both fill types lends support to this classification because it is 
clear that woody organic material was being burned at this site and deposited as part of 
the midden fill.  
Micromorphologically, classifying this midden as an öskuhaugar is more 
complicated. The midden profile has the appearance and texture of an ash midden but, in 
thin section there is no evidence of calcite crystals (ash) in any samples. Calcite, like 
other carbonates, has an extreme birefringence making it easily identifiable in thin 
section under XPL (Canti, 2003; Durand, Monger, & Canti, 2010; Wattez & Courty, 
1987) and as part of a largely isotropic groundmass it should be even easier to detect. 
Instead of calcite, the light grey fill is composed of phytoliths, diatoms, and volcanic ash 
(Figure 5.12).     
The first step in understanding the light grey silicate-rich deposits is determining 
the source of the materials. Phytoliths are opaline silicate precipitated within cellular and 
tissue structures in plants. Phytoliths are often part of the groundmass of soil (Gutiérrez-
Castorena & Effland, 2010) and occur with particularly high concentrations in andosols 
(up to 15% of the coarse fraction) (Sedov et al., 2010; Stoops, 2007b). The prevalence of 
phytoliths in the midden fill at Reynistaður could be attributed to this characteristic of 
andosols; however, it does not explain why the phytoliths are often associated with 
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diatoms. Diatoms are single-celled phytoplankton with an exoskeleton of biogenic opal 
that live in aquatic environments. Diatoms and phytoliths both accumulate within peat, 
phytoliths are deposited as part of plant materials. When diatoms die they sink and are 
incorporated into the underlying sediment, and in the case of bogs and fens they are 
incorporated into the accumulating peat. Wood produces ash that is high in calcite but 
low in silica (Canti, 2003).   
  
  
Figure 5.12 Detail of light grey silicate-rich fill type showing consistent appearance 
throughout midden fill. A) PPL and B) XPL from REY-63-3 (note lack of birefringence 
in B), C) REY-63-4 MF1, and D) REY-63-4 MF2.  
 
In Iceland, peat and turf are typically associated with archaeological sites because 
peat and turf (the upper root mat growing on top of peat) were used by early Icelanders as 
fuel sources and construction materials. Diatoms and phytoliths transported along with 
A B 
C D 
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peat and turf explains how the silicates were transported to the farm together but not why 
they occur in clusters devoid of organic material. When heated at a temperature of 800 °C 
the organic material within peat and turf undergoes complete combustion (Simpson et al., 
2003), producing peat ash comprised of calcite (from the plant material), biogenic opal, 
and any mineral materials within the peat. Silica has a melting point of 1713°C (for pure 
silica) so biogenic opal remains unaltered at these temperatures (Canti, 2003).   
Calcite is highly soluble in acidic conditions, and calcite dissolution has been 
extensively documented in archaeological settings (Karkanas, Bar-Yosef, Goldberg, & 
Weiner, 2000; Karkanas & Kyparissi-Apostolika, 1999; Stiner et al., 2001; Weiner, 
Goldberg, & Bar-Yosef, 1993, 2002). When calcite dissolves it can reprecipitate as a 
more stable mineral or given the right hydrology it can be washed out of the system 
completely. Calcite is a common mineral and it is expected to be found as part of the 
groundmass everywhere (Birkeland, 1999). The absence of calcite suggests the 
dissolution of ash and any other calcareous materials (e.g. shell) that were once present  
(Karkanas, 2010). The b-fabrics (fine materials) at Reynistaður are undifferentiated, with 
no calcite. In previous micromorphological work in Iceland calcite is commonly 
identified as part of the b-fabric (fine materials) which appear stipple speckled (Adderley, 
Simpson, & Vésteinsson, 2008; Brown et al., 2012; Milek, 2012a, 2012b; Milek & 
Roberts, 2013; Simpson et al., 2002; Simpson et al., 1999; Simpson et al., 2003; 
Sveinbjarnardóttir et al., 2007). It should also be noted that these micromorphological 
investigations have not identified diatoms and phytoliths in association with 
anthropogenic sediments in concentrations comparable to those observed at Reynistaður.  
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This proves that if ash was present it would not be preserved; it does not, however, 
prove that ash was present. Pseudomorphs of calcite are often used as evidence of the 
former presence of calcite in archaeological remains (Karkanas & Goldberg, 2010). As 
no calcite pseudomorphs were identified at Reynistaður the composition of the dusty grey 
deposit could be used as evidence that calcite was once present. The dissolution of calcite 
from peat ash, heated at 800 °C, would cause the peat ash to be enriched in more stable 
mineral components which dissolve less readily (i.e., biogenic opal and volcanic ejecta), 
which is exactly what the dusty grey material is. The lack of calcite and the 
overwhelming prevalence of diatoms and phytoliths suggests that the grey deposits at 
Reynistaður are highly altered peat ash, not wood ash (despite appearances).  
 
Figure 5.13 Map showing the Viking age farmstead at Lower Seyla, medieval farmstead 
at Upper Seyla, and location of profile (arrow) (from Bolender et al. 2011) 
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Figure 5.14 Aerial map of Stora-Seyla 
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5.2. Stóra-Seyla 
Stóra-Seyla, also a Landnámsbær, is one of the earliest farms in Skagafjörður 
(Bolender et al., 2011). Stóra-Seyla and its cemetery are mentioned in the Sturlunga 
Sagas. Stóra-Seyla is one of two farms identified by SASS that show early farm 
relocation. The other farm, Glaumbær, is not included in this study. The reason for Stóra-
Seyla’s relocation remains unknown. The original Viking Age farmstead (Lower Seyla) 
was located on a low narrow ridge to the northeast of the medieval farmstead (Upper 
Seyla) (Figure 5.13). The midden included in this investigation is associated with Upper 
Seyla, the later relocated farmstead. Therefore, while the farm itself is among the earliest 
farms in the Langholt region, the midden fill is the youngest of the three middens in this 
study.  
Historically, Stóra-Seyla was one of the wealthiest farms in Langholt and an 
important landholding farm with three dependent farms (Bolender, 2006). Like 
Reynistaður, Stóra-Seyla had a church located on its property that was maintained until 
the 18th century; but unlike Reynistaður, the farm itself has remained independent and 
was never owned by the church (Bolender, 2006). Archaeological investigations indicate 
that the relocation took place after 1000 AD but before 1104 AD because the midden at 
Lower Seyla contains midden fill above the Vj~1000 (1000 AD) and the midden and all 
farm structures are buried beneath the 1104 AD (H1) tephra horizon, with midden 
deposition at Upper Seyla identified just below the H1 horizon (Bolender et al., 2011; 
Damiata, Steinberg, Bolender, & Zoëga, 2013). As a part of this move the original family 
church and cemetery were re-established at Upper Seyla.  
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5.2.1. Location and Setting 
Stóra-Seyla is located near the southern extent of the Langholt Rise (Figure 5.1 
and 5.14), slightly south of Syðra Skörðugil. It is situated along the eastern edge of the 
kame terrace on a small rise just above the Skagafjörður floodplain. The ridge follows the 
topography of the Langholt kame terrace, with higher elevation to the west and a gradual 
to moderate eastward slope. The closest waterway is the Húseyjarvisti River, a tributary 
of the Héraðsvötn River. The modern path of the river bends east away from Stóra-Seyla 
around Geldingaholt, a neighboring farm.  
The exposed profile is located along the northern edge of the mound, where a 
stream flows from the valley walls to the floodplain east of the farm - a stream associated 
with a modern drainage line (Figure 5.13 and 5.15). This stream bisects the farmsteads at 
both Upper and Lower Seyla, causing destruction of the archaeological record at both 
sites. GIS modeling based on coring reveals the Viking Age area of the farmstead at 
Lower Seyla as 7,200 m2 and the medieval farmstead at Upper Seyla as 5,900 m2 
(Bolender et al., 2011). Upper Seyla remained the location of the main occupation area of 
the farm until the farmhouse was relocated closer to the road in 1959, where the 
farmhouse is currently located (Bolender et al., 2011). 
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Figure 5.15 Upper Seyla Profile location A) profile taken from across the stream B) view 
of mound from drainage channel, the sampled profile is on the opposite side of the 
mound. 
 
5.2.2. Field Description of Profile 
The profile at Upper Seyla is unique among the three farms because of the distinct 
fine laminations (Table 5.2 and Figure 5.16), which in the field, suggest a well stratified 
midden that developed as a result of continuous dumping. The base of the profile (104-I) 
is a layer of silty sand overlying glacial till; the sand contains possible traces of LNS 
(871±2 AD). Midden fill begins just below the 1104 AD (H1) tephra. In the field, the 
midden fill was divided into four different stratigraphic units. Unit 104-II is a finely 
layered dark to reddish brown silty loam with some light grey layering, and charcoal 
inclusions ranging in size from a few centimeters to small flecks of a few millimeters. 
The 104-III midden fill is massive reddish brown silty loam with large anthropogenic 
inclusions (charcoal and large well preserved bone). 104-IV consist of a thin deposit of 
brown silty loam containing the 1300 AD tephra, capped by a layer of dark brown 
organic rich sediment. 104-V consists of a light reddish brown finely stratified sequence 
of thin dark brown sandy silt and light reddish brown silty loam, with charcoal flecking. 
A B 
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104-VI consist of a thin light brown fine sandy silt deposit. The upper portion of the 
profile 104-VII is finely stratified sequence alternating between reddish brown to dark 
greyish brown fine sandy silt with some charcoal flecking. There were significant rootlets 
present throughout the post 1104 AD (H1) sediments (104-II to 104-VII).   
Stóra-Seyla (SEY-104) Thin Section 
 
 
SEY-104-1 
 
SEY-104-2 
 
SEY-104-3 
Figure 5.16 Stóra-Seyla profile with sample locations and scans of thin sections 
  
SEY-104-1 
SEY-104-2 
SEY-104-3 
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Strata  Description 
104-VII 
Loam, reddish brown, platy, diffuse boundary, moist, high organic content. 
Roots 
104-VI 
Silty loam, light brown, platy, diffuse boundary, moist, high organic 
content. 
104-V 
Silty loam, light reddish brown, diffuse boundary, moist, platy, high 
organics. 
104-IV 
Silty loam brown, diffuse boundary, moist, platy with dark brown organic 
rich cap 1 cm above the 1300 AD tephra 
104-III Silty loam, light reddish brown, diffuse boundary, moist, platy Midden Fill 
104-II Silty loam, dark brown, diffuse boundary, platy, moist  
104-I 
Silty sand, dark yellowish brown, diffuse boundary, platy, moist. Possible 
traces of LNS 871±2 AD Glacial gravels at base 
Table 5.2 Stóra-Seyla Profile with field observations and tephra present
Root Mat 
VII 
VI 
V 
VI 
III 
II 
I 
1104 AD 
1300 AD 
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5.2.3. Micromorphology 
The basic components identified in thin section are found in all samples at Stóra-
Seyla, although there is variability in the percentages and arrangement of materials 
between depositional units. The coarse fine (c/f) related distribution is porphyric 
throughout, and there is considerable variability in void size/shape. The mineral 
components are primarily pyroclastic and include undifferentiated tephra (pumice, glass 
shards, and lapilli), tephra associated with specific eruptions (differentiated tephra), and 
sand-sized or smaller fragments of basalt and rhyolite. There tends to be a low degree of 
weathering among the pyroclastic materials, with roundness ranging from well-rounded 
to angular. Other non-pyroclastic minerogenic components include: iron nodules sand 
sized or smaller and manganese staining.  
The organic components are almost exclusively derived from plant materials, 
which tend to be well preserved. The majority of the woody material observed in thin 
section is comprised of bark. Biogenic opal tends to be well preserved throughout. 
However, the most common plant materials observed in thin section are amorphous 
brown and reddish-brown plant materials. Other organic materials include: fragments of 
peat, turf, and dung. Bone was only positively identified in SEY-104-2.  
Sample SEY-104-3 (Figure 5.17) was collected at the stratigraphic boundary of 
104-I and 104-II, including the 1104 AD tephra horizon. This sample is highly bedded 
but lacks any anthropogenic inputs. SEY-104-2 (Figure 5.18) comes from the 104-II/104-
III marking the transition from sterile to midden fill. SEY-104-2 MF2 dramatically 
differs from the under- and overlaying layers in coarse fraction size, composition, sorting 
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and orientation, with a sharp increase in biogenic silicates and tephra. SEY-104-1 (Figure 
5.19) comes from the boundary between 104-VI and 104-V; the sample contains bedded 
microstrata of platy to lenticular silt clay (SEY-104-1 MF2a) and vughy to platy organic 
rich loam (SEY-104-1 MF2b). Dung fragments identified in SEY-104-1 MF2b.  
 
SEY-104-3 MF4 – vughy, organic rich loam. Organ 
and tissue residues with parallel orientation to the 
underlying stratigraphic interface, amorphous organic 
material; phytoliths and diatoms (few). Very few 
fragments of dung are also present. No charcoal, the 
black materials present are basalt fragments and 
manganese staining. 
SEY-104-3 MF3 – platy, silt clay loam. Few pumice 
grains (weathering rinds) and an increase in fine 
materials which are dark to yellowish brown. SEY-
104-3 MF3 is present just below and above the 1104 
AD tephra horizon. Above the horizon it is 
interbedded with SEY-104-3 MF4. 
SEY-104-3 MF2 – vughy platy. Similar to SEY-104-3 
MF1, slight increases in organic material and 
phytoliths and diatoms (very few).  
SEY-104-3 MF1 – granular, sandy. High amounts of 
pyroclastic material; well-rounded pumice with yellow 
weathering rinds is the most frequent.  
    
Figure 5.17 SEY-104-3 Microfacies descriptions with thin section scan (50x75 mm). 
Detail of SEY-104-3 MF3 just below H1 horizon (A) and interbedded with MF4 (B)  
_ 
 
_ 
 
MF4:  
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 MF2 
 
A B 
84 
 
 
SEY-104-2 MF2 vughy, sandy clay loam, ~50% 
poorly sorted, randomly oriented coarse materials 
including: pyroclastic materials, phytoliths and 
diatoms (frequent), plant organ and tissue residues, 
peat/turf inclusions, and few charcoal, dung, and 
bone. Secondary calcite along the outer edgesof 
bone and as infillings (XPL).Very dark brown 
(almost black) fine material. 
SEY-104-2 MF1 is a silt loam exhibiting similar 
characteristics to SEY-104-3 MF3. The coarse 
fraction contains fine grain weathered pyroclastic 
materials (pumice, glass shards, and basalt) and few 
biogenic silicates. The fine fraction is a mix of both 
yellow brown and dusty grey fine materials with 
high amounts of amorphous brown material. The 
grey material tends to appear as clusters containing 
concentrations of diatoms, phytoliths and 
undifferentiated tephra. 
  
Figure 5.18 SEY-104-2 Microfacies descriptions with thin section scan (50x75 mm). 
Dusty grey silicate-rich material PPL (A) and XPL (B), note traces of calcite precipitation 
in B (arrow). 
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SEY-104-1 MF2 is comprised of two finely bedded 
alternating layers SEY-104-1 MF2a and MF2b.  
MF2a platy to lenticular, silt clay, very similar to 
SEY-104-3 MF3, includes some clusters of diatoms, 
phytoliths, and tephra within dusty grey fine material; 
calcite infillings (XPL)  
MF2b vughy to platy, organic rich loam, similar to 
SEY-104-3 MF4, with dung fragments. Calcite 
infillings (XPL)  
SEY-104-1 MF1 vughy to platy, organic rich loam, 
similar to SEY-104-3 MF4. Pyroclastic material is 
frequent but the most common coarse material is 
plant organ and tissue residues with few phytoliths 
and diatoms. 
 
 
 
  
Figure 5.19 SEY-104-1 Microfacies descriptions with thin section scan (50x75 mm). 
Detail of horizontally bedded organic material (arrow) from SEY-104-1 MF1 (A) and 
MF2b (B). 
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Figure 5.20 SEY-104-2 detail of calcite reprecipitation around bone (A-D) and calcite 
infilling (E and F). 
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5.2.4. Summary 
In the field, the profile at Stóra-Seyla appears to represent the accumulation of 
multiple generations of refuse: it looks like a well stratified midden. The results of 
micromorphological analysis present a very different view and interpretation; in thin 
section the sediments are mostly non-cultural. There is one unquestionable midden 
deposit within this profile, 104-III. The remaining sedimentary units show little to no 
evidence of anthropogenic inputs. No charcoal or bone outside of the midden (104-
III/SEY-104-2 MF2) were observed in thin section. The fine bedding visible in the field 
is directly related to the pattern of microfacies couplets identified in thin section of platy 
to lenticular silt clay loam (SEY-104-3 MF3) and the massive to granular silt loam (SEY-
104-1 MF2a) interbedded with organic-rich loam (SEY-104-3 MF4 and SEY-104-1 
MF2b).  
The particular characteristics of Icelandic andosols make pedofeature 
identification challenging, even among other volcanic soils. Iceland has high rates of 
aeolian dust flux and frequent volcanic eruptions (avg 4-5 years) that replenishes soils. 
As a consequence of this regular deposition of sediment Icelandic soils tend to be young, 
and soil formation takes time so they also tend to be weakly developed (Arnalds, 2004, 
2008; Stoops, 2007a). The platy to lenticular silt clay loam (SEY-104-3 MF3) and the 
massive to granular silt loam (SEY-104-1 MF2a) identified in thin section show signs of 
pedogenesis based on accepted and recognized microstratified soil features. In thin 
section, Icelandic soils are typically internally microstratified, a feature inherited from 
their parent material (Arnalds, 2004). Within microstratified organic and mineral 
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materials with horizontally oriented plant residues, each sub-layer represents a former 
soil surface (Sedov et al., 2010; Simpson et al., 1999; Stoops, Gérard, & Arnalds, 2008). 
Outside of Iceland stratified mineral organic layering is referred to as a pedosediment, 
which can be identified in thin section the presence of organic tissue residues (in the 
absence of biogenic features) and a massive microstructure (Fedoroff, Courty, & Guo, 
2010). 
Regardless of the classification system used the most important characteristic of 
these microstratified materials is that they represent a past but ephemeral ground surface. 
I will be using the term pedosediment because while pedogenesis has taken place these 
units are sedimentary in nature and show minimal evidence of pedogenesis beyond being 
a former vegetated surface.  
In thin section SEY-104-3 MF3 is very fine with few sand sized particles 
resembling a loess. The high proportion of fine materials in this microfacies suggests that 
much of the sediment was derived from both aeolian dust and materials from further up 
slope, in cumulative soils the clay content is a function of clay formation in situ clay 
formation from up slope by erosion (Birkeland, 1999). The platy to lenticular 
microstructure of SEY-104-3 MF3 is a common feature of cryoturbation and is 
commonly found andosols in cold regions. Fine grained soils and sediments have a higher 
frost susceptibility than coarse grained soils because of an optimal pore size involved in 
water migration by capillary action. In the upper portion of the profile (104-VI and VII) 
the pedosediments are even less developed (SEY-104-1 MF2a) with microstructures that 
range from massive to granular, this again has been observed elsewhere in Iceland. The 
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clearest evidence of pedogenesis is the relationship between the mineral based 
microfacies and the organic rich microfacies, occurring as couplets. 
Following deposition, the sediments underwent pedogenesis. Vegetation began 
growing on the incipient soils that remained weakly developed. The vegetation in turn 
was buried by aeolian sediments and the process of pedogenesis began again. The 
vegetation is represented at Stóra-Seyla by the organic-rich loam microfacies (SEY-104-3 
MF4 and SEY-104-1 MF2b) an important feature of the organic tissue is that it is 
oriented parallel to the underlying pedosediment. The cycle of deposition, soil 
development, vegetation, and deposition lead to the formation of microstratified 
pedosediments (and soils).  
Pedosediment and soil identification, even of a weakly developed soil, is 
important because soils take time to develop, the development of pedofeatures and plant 
growth are evidence of surface stability and periods of non-deposition. Rather than an 
extended period of non-deposition, the presence of microstratified soils in Iceland is 
indicative of gradual sedimentation with short interruptions and limited pedoturbation 
(Sedov et al., 2010; Stoops et al., 2008). Rather than representing anthropogenic 
deposition, each of these pairings represents a past ground surface. 
This new interpretation of the profile at Stóra-Seyla suggests that there was much 
less human induced-landscape modification involved in the accumulation of sediments on 
this ‘farm mound’. Farm mounds are conspicuous areas of relief that form over hundreds 
of years of continuous occupation and are primarily composed of the peat and turf used in 
house construction (Vésteinsson, 2010). In Iceland, farm mounds develop as a result of 
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the construction of turf houses on top of earlier structures during the medieval period as a 
result of maintenance of Skáli walls. An additional implication is that this portion of the 
farm was not intensively used. Microstratified pedosediments can only develop in a 
relatively stable environment without pedoturbation; including bioturbation by humans. 
The midden at Upper Seyla (SEY-104-2 MF2/104-III) is richer in organic 
material with fewer phytolith and diatom concentrations (although present) than 
Reynistaður. Here midden materials, include charcoal, organic material, diatoms, 
phytoliths, dung, and bone. Though, like Reynistaður, there was no ash identified in thin 
section. Upper Seyla is the only midden containing bone in this investigation. Within the 
midden fill (104-III), large pieces of bone were exposed in the profile wall. Bone is 
present but it is not abundant. Macroscopically, the bone at Upper Seyla appears to be 
well preserved, however, in thin section, bones from SEY-104-2 MF2 (104-III) show 
signs of diagenesis (Figure 5.20). Under XPL, birefringent recrystallized calcitic minerals 
can be seen along the outer edges and the haversian canals of the bone. Other precipitated 
calictic infillings were identified in thin section within the midden fill (SEY-104-2 MF2, 
SEY-104-1 MF2a andMF2b). Ash was not identified in thin section. The absence of ash 
combined with the presence of recalcified bone and the calcite infillings suggest that the 
chemical environment of the profile has changed overtime and that processes of 
dissolution similar to what was observed at Reynistaður may also be taking place at 
Stóra-Seyla.    
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Figure 5.21 Overview of Syðra Skörðugil  
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Strata  Description 
107-VII 
Fine sandy silt, reddish brown, massive, diffuse boundary, moist. 1300 AD 
tephra. Roots and worms 
107-VI 
Very fine sandy silt, light greyish brown, massive, diffuse boundary, moist 
roots and worms. 
107-V Fine sandy silt, strong brown, massive, diffuse boundary, 1104 AD tephra 
107-IV 
Fine sandy silt light greyish brown, massive, diffuse boundary, moist, 1000 
AD tephra 
107-III 
Fine sandy silt, light reddish brown, massive, diffuse boundary, moist, 940 
AD tephra 
107-II Fine Sandy silt, dark brown, massive, diffuse boundary, moist 
107-I 
Silty sand, dark yellowish brown, massive, diffuse boundary, moist some 
dark brown staining, glacial gravels at base 
Table 5.3 Syðra Skörðugil Profile with field observations and tephra present 
Root Mat 
III 
VI 
IV 
I 
II 
V 
VII 
1104 AD 
1000 AD 
940 AD 
1300 AD 
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Syðra Skörðugil (SYÐ-107)  Thin Section 
 
 
SYÐ-107-1 
 
SYÐ-107-2 
 
SYÐ-107-3 
Figure 5.22 Syðra Skörðugil profile with sample locations and scans of thin sections 
 
5.3. Syðra Skörðugil 
Syðra Skörðugil is not a Landnámsbær because it was established after 930 AD, 
the accepted end of the Landnám based on medieval texts; however, it is still a very early 
farm. The anthropogenic deposits begin just below the 10th century Veiðivötn tephra 
layer (940 AD), placing the establishment of Syðra Skörðugil at a maximum of six to 
nine years after the close of the Landnám. Radiocarbon from bone samples obtained by 
SASS dates Syðra Skörðugil to 933 AD, placing its establishment just three years after 
the close of the Landnám (Bolender et al., 2011). Syðra Skörðugil is not mentioned in the 
SYÐ-107-1 
SYÐ-107-2 
SYÐ-107-3 
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medieval texts, so much about its early history, and about the families associated with the 
farm, remains unknown. 
5.3.1. Location and Setting 
Syðra Skörðugil is located near the southern extent of the Langholt Rise (Figure 
5.1 and 5.21), slightly north of Stóra-Seyla. It is situated along the eastern edge of the 
Langholt kame terrace, an area of natural relief, in proximity to lowland water and 
wetlands (Figure 5.21). Of the farms included in this work, it is the farthest from a main 
river, with the modern course of the Húseyjarvisti River doglegging to the east. The 
closest water source is Holtstjörn, a kettle lake, located just to the northeast of the farm. 
As with Stóra-Seyla, the ridge at Syðra Skörðugil follows the local topography, with 
higher elevations to the west and a gradual to moderate eastward slope. Model estimates 
of the Viking Age farmstead give an approximate area of 4500 m2 (Bolender et al., 2011). 
The modern mound is bounded to the south by a small stream running west to the valley 
bottom. The flowing water has been redirected by agricultural drainages. The sampled 
profile is located at this southern edge and appears to have been exposed by the 
movement of water. 
5.3.2. Field Description of Profile 
In contrast to the profiles of Reynistaður and Stóra-Seyla the profile at Syðra 
Skörðugil (Table 5.3 and Figure 5.22) shows little evidence of anthropogenic inputs and 
is uniformly massive in the field, lacking any clear stratigraphic breaks. The profile has 
been temporally constrained using four tephra layers of known ages identified in the field 
(940 AD, 1000 AD, 1104 AD, and 1300 AD tephra). These tephra horizons were 
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identified in the field as somewhat diffuse, discontinuous layers. The base of the sampled 
profile at Syðra Skörðugil sits on top of glacial gravels. All of the stratigraphic 
boundaries identified in the field at Syðra Skörðugil are very diffuse with slight color 
variation between stratigraphic units. The sedimentary deposits are fairly uniform in 
composition, except for base of the profile; 107-I is a medium silty sand. Stratigraphic 
units 107-II through 107-VII are fine sandy silts containing few organics. Bioturbation is 
most frequent in the upper levels though it is present throughout the profile.   
5.3.3. Micromorphology 
The basic components identified in thin section are found in all samples collected 
at Syðra Skörðugil, although there is variability in the percentages and arrangement of 
materials between depositional units. The mineral components are primarily pyroclastic 
in nature and include undifferentiated tephra (pumice, glass shards, and lapilli), tephra 
associated with specific eruptions (differentiated tephra), and sand-sized or smaller 
fragments of basalt and rhyolite. Weathering among the pyroclastic materials is common 
though the degree of weathering is variable. Yellow weathering rinds are common on 
pumice grains and (some type of yellow alteration of minerals try to find where you saw 
it). Coarse materials are generally well-rounded to sub-angular, except for glass shards 
which are angular throughout.  
Other non-pyroclastic minerogenic components include iron nodules (fine to 
coarse sand sized). Well-rounded sand sized aggregates of soil are found in many though 
not all of the microfacies identified in thin section. Coarse organic materials include few 
to very few phytoliths, very few diatoms, plant organ and tissue residues, earthworm 
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excrement, and very few peat/turf, charcoal and dung. Organic materials increase moving 
up the profile; though there is a persistent pattern of mineral rich sandy microfacies 
interbedded with more organic rich platy silt loams observed in each thin section. 
Bioturbation by worms, was also observed in each thin section.  
SYÐ-107-3 (Figure 5.23) was collected at the base of the profile and includes two 
separate boundaries, the 107-VII/107-VI interface and the 107-VI/V interface, just below 
the 940 AD tephra. The microstructure is granular in the lower 3 sandy microfacies 
(SYÐ-107-3 MF1 through MF3) and platy in SYÐ-107-3 MF4, a more organic rich 
sediment. The sample contains one piece of charcoal and one possible piece of dung, both 
from SYÐ-107-3 MF3. SYÐ-107-2 (Figure 5.24) was taken from the boundary between 
107-IV and 107-III; despite the sample’s proximity to the 1000 AD horizon no in situ 
tephra was observed. Anthropogenic materials identified in thin section include one piece 
of dung. SYÐ-107-1 (Figure 5.25) was taken at the 107-II/107-I interface at the edge of 
the 1104 AD (H1) tephra horizon visible in profile, however the horizon was not 
observed in thin section. This sample contains the highest amount of organics (increasing 
up the sample), the only anthropogenic material was a piece of dung identified in SYÐ-
107-1 MF3. 
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SYÐ-107-3 MF4 – platy, sandy silt loam, 30% 
moderately sorted, randomly distributed coarse 
material with a (sub) horizontal angle, increase in 
organics (plant tissue and organ residue). 
SYÐ-107-3 MF3 – granular to spongy, fine silty sand, 
similar to MF1, 40% moderately sorted, coarse 
material, with random distribution. Yellow fine 
material (some localized fine aggregates). Possible 
dung one charcoal fragment.  
SYÐ-107-3 MF2 – granular, silty sand, composition 
similar to MF1, increase in size of coarse material 
which is moderately to well sorted and bedded. Yellow 
fine material more aggregated, with an enaulic c/f 
related distribution. 
SYÐ-107-3 MF1 – granular, silty fine sand, 50% 
moderately sorted, sub rounded to sub angular, coarse 
materials predominantly pyroclastic (pumice with 
yellow weathering), also includes iron nodules and 
very few phytoliths. Yellow fine material showing 
some signs of aggregation.  
  
Figure 5.23 SYÐ-107-3 Microfacies descriptions with thin section scan (50x75 mm). 
Detail of SYÐ-107-3 interface of MF1 and MF2 (A) and SYÐ-107-3 MF4. 
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SYÐ-107-2 MF3 – Spongy to platy, sandy silt loam, 
similar to MF1; with an increase in iron nodules. 
Yellow fine material. 
SYÐ-107-2 MF2 – Spongy, silty clay loam, 40% 
coarse material very similar to MF1, bedded. Dung 
fragment. 
SYÐ-107-2 MF1 – Vughy, silt loam, 30% 
moderately sorted, randomly distributed coarse 
material similar to SYÐ-107-3 MF4. Dark yellowish 
brown fine material angle. 
MF1a: platy, silt loam, 50% sinuously 
bedded, (sub) horizontally oriented coarse 
material; increase in organics, decrease in 
void space.  
 
  
Figure 5.24 SYÐ-107-2 Microfacies descriptions with thin section scan (50x75 mm). 
Detail of SYÐ-107-2 MF1 (A) and MF3 (B) showing minor disturbances to bedding  
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SYÐ-107-1 MF4 – Vughy, silt loam, very similar to 
MF3; with random distribution of coarse materials. 
SYÐ-107-1 MF3 – Platy, silt loam, 20% poorly 
sorted, bedded coarse material with random 
orientation, with an increase in organic materials. 
Dark brown fine materials. Possible dung. 
SYÐ-107-1 MF2 – Vughy and Planar, sandy silt 
loam, 35% poorly sorted, randomly oriented and 
distributed coarse material, few organics. Yellow 
brown fine material.  
SYÐ-107-1 MF1 – Vughy, sand loam, 35% 
unsorted, randomly oriented and distributed coarse 
material (pyroclastic dominant) with well-developed 
coatings and very few organics. Yellow brown fine 
material with some aggregation.  
  
Figure 5.25 SYÐ-107-1 Microfacies descriptions with thin section scan (50x75 mm). 
Detail of SYÐ-107-1 MF1 (A) and MF4 (B) with disturbances. 
  
MF1 
 
MF2 
 
MF3 
 
MF4 
 
_ 
 
_ 
 
_ 
 
A B 
 100 
 
 
 
  
Figure 5.26 Syðra Skörðugil profile location A) view of profile from stream facing north, 
note the gassed over midden in background B)View of midden facing south west, D) and 
C) stream at edge of mound showing exposed basalt bedrock. 
 
5.3.4. Summary 
Syðra Skörðugil was selected for sampling based on the identification of a Viking 
Age midden during previous survey work through coring carried out by SASS. The 
farm’s association with the initial settling of the region and its naturally exposed profile 
along the southern edge of the mound contributed to its selection. The profile that was 
sampled at Syðra Skörðugil contains no midden fill, samples were collected to track 
A B 
C D 
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indicators of human occupation outside of midden fill and perhaps develop a clear 
classification of LCD. However, in thin section there are very few anthropogenic 
materials. The first evidence of anthropogenic sediment, one charcoal fragment, at Syðra 
Skörðugil appears relatively close to the base of the exposed profile in SYÐ-107-3 MF3 
(associated with 107-II). There is a Viking Age midden just uphill from the profile which 
was actively accumulating during the period of time this profile represents (Figure 5.26). 
I revisited the site of the profile one year after collecting my samples, the exposure had 
undergone further slumping revealing a thin but distinct lens of midden fill just behind 
the location of SYÐ-107-2 (Figure 5.26). Even this close to a known activity area there is 
almost no trace of human occupation. 
The profiles of Syðra Skörðugil and Stóra-Seyla have very different appearances; 
however, micromorphology indicates that a similar pattern of gradual deposition with 
intermittent periods of stability is responsible for the formation of the profile at Syðra 
Skörðugil. The microfacies of Syðra Skörðugil are primarily minerogenic, with few 
organic materials present, and the organic materials that are present are not evenly 
distributed throughout the samples, they tend to occur within individual microfacies 
(SYÐ-107-3 MF4, SYÐ-107-2 MF1a, and SYÐ-107-2 MF2). These more organic 
microfacies also have a (sub)horizontal arrangement of plant organ and tissue residues. 
Compared to the organic-rich microfacies of Stóra-Seyla, those observed at Syðra 
Skörðugil are significantly thinner, with a lower concentration of organic residues; on the 
other hand the pedosediments at Syðra Skörðugil (SYÐ-107-3 MF1 -3, SYÐ-107-2 MF1, 
SYÐ-107-2 MF4, SYÐ-107-1 MF1 and MF2) are thicker and more developed.     
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As discussed previously, microstratified pedosediments develop during the 
gradual accumulation of sediments with brief periods of stability, under conditions free of 
pedoturbation. The duration of each of these periods may be responsible for the very 
different characteristics of the profiles observed at Syðra Skörðugil and Stóra-Seyla. At 
Syðra Skörðugil the periods of stability were less frequent; overall Stóra-Seyla has many 
more pedosedimentary layers visible even in profile (and likely even more in thin 
section) than Syðra Skörðugil, leading to the development of a thicker profile. However, 
the pedofeatures at Syðra Skörðugil are more developed suggesting that periods of 
stability may have lasted longer here.    
5.4. Discussion 
 Here I would like to briefly address the implications of the results of my research 
focusing on two main issues: the integrity of the archaeological record and the 
identification of archaeological materials. Archaeological sites are not static records of 
the past, they exist within a dynamic environment and as part of this environment they 
undergo changes upon deposition. One general trend observed during my analysis of the 
middens at Reynistaður, Stóra-Seyla, and Syðra Skörðugil is overall post-depositional 
alteration of the sedimentary deposits, which was identified macro- and microscopically, 
leading to an overall loss of midden and archaeological material.  
The other aspect of site formation processes relates to the importance of 
identification of archaeological materials. My research shows that materials observed in 
profile are not always as they appear. The natural pedosediments at Stóra-Seyla and 
Syðra Skörðugil both indicate that the process of mound building at these two site has 
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been influenced by natural sediment accumulation suggesting much less human induced 
landscape modification. In fact the traces of human behavior and anthropogenic 
sediments are very minimal. The ash midden at Reynistaður is an ash midden despite the 
absence of calcite. This work indicates that at Reynistaður a significant amount of peat 
was being burned and that the peat ash preserved in the profile has the look of wood ash. 
With fuel resources being important there are very different implications for resource 
preferences and fuel resource availability.   
5.4.1. Integrity of the Archaeological Record 
 At the site level there is clear indications of archaeological materials both through 
natural processes most easily identified by erosion due to water movement but also 
through human behavior (leveling/removal of midden material). At all three farms 
portions of the farm mound have been eroded away, all of the profiles sampled were 
collected from erosive features. At Reynistaður and Stóra-Seyla erosion of the mound 
complex includes loss of midden materials. Midden material was lost at Reynistaður 
possible as a result of human behavior. The top of the midden was leveled off, possibly as 
part of the closure of the midden. 
At the microscopic level, further processes of post-depositional alteration was 
identified. Again at both Reynistaður and Stóra-Seyla clear evidence of chemical 
alteration of calcite was observed in thin section. At Stóra-Seyla the evidence of calcite 
dissolution and reprecipitation was more direct. Calcite precipitates were identified in 
multiple locations. At Reynistaður calcite dissolution was less straightforward; beginning 
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with developing a sedimentary life history of the silicate concentrations observed within 
the midden fill calcite dissolution provided an explanation for the ash(less) midden.  
There is a large body of work on the preservation of bone and the use of mineral 
cascades to determine zones of dissolution within cave systems (Aldeias et al., 2014; 
Karkanas et al., 2000; Stein, 2001b; Weiner et al., 1993, 2002). In these studies calcite 
has been a consistent indicator of bone presence; calcite is less stable than dahllite and 
therefore will dissolve more readily than bone mineral under any chemical and 
environmental conditions. If calcite is present then the bones will be unaltered if calcite is 
not present it is possible that bones have been dissolved as well. The identification of 
calcite dissolution provides archaeologists to investigate the dissolution of other acid-
soluble materials, like bone. Bone was noticeably absent in both field and 
micromorphological observation at Reynistaður. Having established calcite diagenesis 
within the midden, it is possible that these other materials underwent similar dissolution.  
Bone is apatite, a calcium phosphate, and is very stable in calcareous soils and 
sediments but is easily weathered in acidic conditions (Karkanas & Goldberg, 2010). 
Phosphate minerals containing Al (i.e., taranakite, crandallite, and montgomeryite) can be 
used as indicators of apatite instability (Karkanas et al., 2000). Volcanic soils tend to 
have Si-Al components as a result of the initial weathering of pyroclastic material (Sedov 
et al., 2010). This potential freely available Al, known calcite dissolution, and the 
absence of bone in the field and in thin section makes Reynistaður a good candidate for 
dissolution. FTIR analysis should be run on the amorphous infilling in REY-63-3 MF3, 
which has the appearance of taranakite, positively identify this mineral.  
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Authigenic minerals are useful tools, however the absence of bone at a site could 
be the result of any number of post-depositional alterations, or even of human behavior. 
Authigenic mineral indicators cannot determine the former existence of archaeological 
materials, only whether or not former archaeological material would have been affected 
by diagenesis (regardless of their presence of absence) (Karkanas, 2010). There are many 
nonchemical reasons for the absence of bone at a site: dogs and pigs are well documented 
as agents of bone destruction (Storey, Clarke, Ladefoged, Robins, & Matisoo-Smith, 
2013), bone being used during periods of stress on fuel resources. 
Unfortunately, once midden material is lost it is not possible to postdict the size of 
a midden in its systemic context. However, it is clear that prior to burial/disuse and 
subsequent post-depositional alteration, the middens would have been larger than they 
appear in their archaeological context.  
5.4.2. Identification of Archaeological Materials 
 One of the challenges of conducting archaeological investigations in areas with a 
dearth of manufactured goods, like Viking Age farm middens in Iceland, is distinguishing 
between natural sediments and sediments comprised of natural materials which have been 
altered or transported by humans. Soil and sediment micromorphology is one of the most 
effective methods for the identification and categorization of archaeological materials, 
and is particularly effective in distinguishing natural and archaeological materials derived 
from natural materials (Macphail & Goldberg, 2010). Reconstructing the life history of 
the sediments of mound profiles at Reynistaður, Stóra-Seyla, and Syðra Skörðugil using 
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micromorphology has revealed that the stratigraphy at Stóra-Seyla is non-cultural and 
that the ‘wood ash’ at Reynistaður is likely highly altered peat ash.  
 Micromorphological analysis of the öskuhaugar (ash midden) at Reynistaður 
revealed that the midden had undergone diagenesis and no longer contained any ash. 
However, in reconstructing the sedimentary life history of silicate deposits and revealed 
that the ash midden at was likely a peat ash not a wood ash midden. Fuel resource 
utilization is of particular interest in Iceland, where – owing to the rapid deforestation of 
Iceland – woodland resources quickly became a limited commodity (Hallsdóttir, 1987). 
The presence of different fuel resources at individual farms may help to understand the 
social structure of high and low status farmstead and influences on who had resource 
access. The fuel used by early Icelanders can also be used to identify the types of 
activities taking place at specific farms. Peat ash is associated with ‘industrial’ activities 
and wood ash is associated with domestic activities (Simpson et al., 2003). Future work 
on the identification of altered peat ash at Reynistaður should take a similar approach 
similar to Simpson et al. (2003), using experimental combustion of peat and turf. With 
the added step of decalcifying the ash produced. This sections produced from these 
decalcified sample can then aid in the identification of highly altered ash at Reynistaður. 
 My research also shows that materials observed in profile are not always as they 
appear. The natural pedosediments at Stóra-Seyla and Syðra Skörðugil both indicate that 
the process of mound building at these two site has been heavily influenced by natural 
sediment accumulation suggesting much less human induced landscape modification. In 
fact the traces of human behavior and anthropogenic sediments are very minimal. 
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6. CONCLUSIONS 
 Archaeological sites are not static records of the past. They exist within a dynamic 
environment; as part of this environment, they undergo changes upon deposition. The 
goal of micromorphological analysis is to understand how the archaeological record 
developed and how archaeological materials have been altered over time; with this 
information, it is then possible to reconstruct past human activities (Courty, 2001). A key 
to understanding site formation processes is reconstructing the complete history of 
sedimentary deposits. This means having an understanding of the local geology, 
vegetation, and resources utilized by the people creating the deposits, the local fauna that 
contribute to the deposit, as well as all of the processes that could alter the deposit after 
its accumulation. Micromorphology makes it possible to observe the position of 
sedimentary components in relation to one another as well as geological and pedological 
processes taking place within the middens, by preserving the microstructure of the 
samples (Courty, 2001; Courty et al., 1989; Goldberg, 1980). The Background and 
Geological Context chapters created context for understanding the composition of the 
soils and sedimentary materials observed in profile.  
My research began as an investigation of the site formation processes of three 
Viking Age farm ‘middens’; following thin section analysis of samples from middens at 
Reynistaður, Stóra-Seyla, and Syðra Skörðugil, I was left with an ash midden containing 
no ash, a profile which developed out of more natural processes than cultural, and an all 
but sterile soil profile. The results of my work were not what I expected; however, the 
interpretations based on these results provide a new view of the archaeological record in 
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the Langholt region of Skagafjörður and the site formation processes contributing to its 
development. At Reynistaður, Stóra-Seyla, and Syðra Skörðugil, significant post-
depositional alteration of the sedimentary deposits was identified macro- and 
microscopically, leading to an overall loss of midden and archaeological material, 
through physical and chemical processes.  
My research also shows that materials observed in profile are not always as they 
appear. The natural pedosediments at Stóra-Seyla and Syðra Skörðugil both indicate that 
the process of mound building at these two sites has been influenced by natural sediment 
accumulation, suggesting much less human-induced landscape modification. In fact, the 
traces of human behavior and anthropogenic sediments are very minimal.  
The middens at Reynistaður and Stóra-Seyla have been affected by natural 
processes that selectively destroy certain material types. Evidence of calcite dissolution 
was identified in both profiles; at Stóra-Seyla, the calcite that was dissolved has 
reprecipitated in void spaces; while the calcite dissolved at Reynistaður may have been 
flushed from the system.   
The dissolution at Reynistaður is a prime example of how post-depositional 
alteration can influence interpretation at multiple levels. The midden as it appears in 
profile could be classified as a wood ash midden given its characteristic light ashy 
deposits. However, in thin section, the white materials are siliceous and not calcitic, 
suggesting that this is a peat ash midden. Proper identification of fuel resources is 
important in Iceland because the fuels used can indicate social standing (who has access 
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to which resources), environmental change (what resources were available and when), 
and specialization (what types of activities were being carried out at particular farms). 
Further, the dissolution of calcite at Reynistaður may be indicative of a chemical 
environment in which other acid soluble materials like bone and shell will be unstable, 
with more chemical alteration of materials taking place within the midden at Reynistaður. 
Not all materials are preserved equally in the archaeological record; as archaeologists, we 
must be mindful that the absence of proof is not proof of absence.  
In conclusion, my research into the site formation processes at Reynistaður, Stóra-
Seyla and Syðra Skörðugil shows that at least some of the patterns observed in the 
archaeological record are the result of natural processes and are not the product of human 
behavior. The identification of naturally occurring patterns must be identified and 
understood before interpretations of past human behavior can be made. 
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